
UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

cj <sirTicdl R <e> cj i  ̂  is. is. ± on F2" i  cr> cj r~ -si m -ts-

-fcl-i MF1"   O^/O^ Mi cri  cz>c:cDrnp»L_i-fc. E?r-

by 

K. R. LudMig

Open-File Report 83-849 

1983

This report is preliminary and has not been reviewed -for 
conformity with U.S. Geological Survey editorial 
standards and nomenclature. Any use of trade names is 
for descriptive purposes only and does not imply 
endorsement by the U.S. Geological Survey.



TABLE OF CONTENTS

INTRODUCTION ................................... 2

ISOPLOT ........................................ 2
Convent!ons .................................. 3
Setting up the plot -format ................... 3
Key functions when starting program .......... 4
Key -functions at "select plotting symbol" .... 7
PIotting data-points ......................... 8
York-fit ...................................... 12

Key functions after Yorkfit calculation ... 14
To draft a phrase on the plot ................ 14
The OPTIONS key .............................. 15
Retrieving data from numeric data files ...... 16
Retrieving data from VISICALC data-files ..... 17

CPLOT program .................................. 2O
Key functions when starting program .......... 21

PBPLOT program ................................. 26
Key functions when starting program .......... 27

NUMVERT program ................................ 31

REFERENCES ..................................... 33

FIGURE CAPTIONS ................................ 34

INDEX .......................................... 38

Figure 1 (CRT example of ISOPLOT) .............. 11
Figure 2 (plotter example of ISOPLOT) .......... 35
Figure 3 (CRT example of CPLOT) ................ 23
Figure 4 (plotter example of CPLOT) ............ 36
Figure 5 (CRT example of PBPLOT) ............... 27
Figure 6 (plotter example of PBPLOT) ........... 37

APPENDIX 1 (1ist of ISOPLOT program) ........... 41
APPENDIX 2 (1i st of CPLOT program) ............. 56
APPENDIX 3 (1ist of PBPLOT program) ............ 76

-1-



Crev. 12/14/833

INTRODUCTION

This package of programs includes three 
piotting-regress!on programs (ISOPLOT, CPLOT, and 
PBPLOT) 5 and a short program for conversion of VISICALC 
data files to simple numeric data files (NUMVERT). They 
are intended primarily for geochemists and 
geochronologists, though ISOPLOT can be used for a 
variety of X Y plotting tasks. The programs are 
self guiding, insensitive to user errors, and can 
produce anything from rough, very rapidly created plots 
to camera ready, publication quality figures.

ISOPLOT, a general X Y plotting/regression 
program, is especially useful for isochron plots and 
age calculations. ISOPLOT also permits polynomial 
regressions of X-Y data. CPLOT plots U-Pb isotope data 
on the familiar poncordia diagram <2O>Spb./238|j versus 
2O7pt>./235ij) , calculates the best fit line to an array of 
data, and calculates the concord!a intercepts and 
intercept errors of this line. PBPLOT plots either 
2O7/2O4 or 2O8/2O4 versus 2O6/2O4, constructs a 
single stage Pb growth curve, and calculates the 
intercepts and errors of a best-fit line with the growth 
curve.

The required equipment are an HP-87 or HP-86 
microcomputer with at least 128 kbytes of RAM, a disk 
drive, and the Plotter, Matrix, and Advanced Programming 
ROMs (the latter two ROMs can be deleted at the cost of 
some program modification). For permanent copies, an 
HP-747OA plotter and/or an HP-829O5B or HP-2673 printer 
are necessary. If data-file input of data is desired, 
the Hewlett-Packard VISICALC PLUS program is strongly 
recommended, as all programs are designed to interact 
with VISICALC files (though simple numeric files can 
also be accessed).

ISOPLQI

ISOPLOT is the most straightforward of the three 
plotting programs, so its characteristics can be used as 
examples for the other plotting programs. The program 
Using for ISOPLOT is given in Appendix 1.
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Convent i ons:

Queries displayed on the CRT will o-Ften request 
several values, separated by commas. You must enter one 
value -for each parameter requested that is not enclosed 
in brackets. Enter by typing in the values (separated 
by commas), and pressing the ENDLINE key. Parameters 
displayed enclosed in square brackets are optional, and 
need be entered only if relevant, or if you do not wish 
de-fault values -for these parameters to be used.

If you accidentally touch one of the keyboard 
keys during program execution (but not while the program 
is waiting for you to respond to a query), the computer 
will beep and stop execution of the program. To restore 
operation, simply press the CQNT key. To view any 
CRT graphics during a pause in the program, press the 
A/6 key, which will toggle between the alphanumeric and 
graphics CRT display.

For most of the "select option" screens of the 
program, functions of the 14 special function keys at 
the top of the keyboard are labeled at the bottom of the 
CRT   the lower label corresponding to the unshifted 
keys (kl k7), and the upper to the shifted keys 
(kS k!4). To obtain more information on the functions 
of the keys, there is usually a key defined as "HELP". 
When you press the "help" key, more detailed information 
about your options will appear on the CRT.

Setting Up the Plot Formats

Load the program (insert the disk into the 
disk-drive, type LOAD ISOPLOT:D7OO (assuming the disk is 
drive O), and press the ENDLINE key). The CRT will 
clear, and display the definitions of the 14 
special function keys at the bottom of the CRT. When 
you press one of these keys, the computer wi11 respond 
immediately in a manner suggested by the key 
definitions. For most plotting operations, you can 
begin plotting after only a few keystrokes (for example, 
just pressing the START key if all you want is a 
straightforward CRT plot), and using the HELP keys when 
necessary. The following instructions need only be 
referred to if you wish detailed information about the 
operation and capabilities of the programs, or if you 
wish to plot data from a data file instead of by typing
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in data from the keyboard.

The actual functions of the keys are as follows:

KEY* 

kl

k2

k3 

k4 

k5

k6 

k7 

k8 

k9

klO

kll

KEY LABEL 

PRINT-DAT

CRT-DAT

HARDPLOT 

CRT PLOT 

PEN 1

PEN 2 

START 

PEN SPEED 

LOG ZEROES

STACK

HELP

FUNCTION

Use printer instead of CRT for 
printout.

Use CRT instead of printer for printout 
(default).

Use HP-747OA plotter for graphics. 

Use CRT for graphics (default).

Use pen* 1 (HP-747OA) or solid-line pen 
<CRT) for plotting (default).

Use pen# 2 (HP-747OA only) for 
plotting.

Start input of data to define plot 
type, size, etc.

Define pen-speed (HP-747OA only); 
default is the fastest speed.

Include a leading zero in tick labels 
of absolute values less than 1 and with 
a decimal point (e.g. O.14 instead of 
.14). O.14 instead of .14).

Suppress X-axis label and X-axis tick 
labels so that plots sharing the same 
X axis can be vertically stacked.

Display a list of explanations of the 
functions of the keys for this display.

k!2

k!3

NORM

SLIDE

Use normal size plot labels and symbol! 
(default).

Use "slide-size" plot-labels and 
symbols (somewhat larger than normal 
size; useful for plots that will be 
significantly reduced, or for plots to

M
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be used as 35mm transparencies).

k!4 DATAFILE Bring data from a VISICALC or numeric
data  file into memory.

Using the defined keys (note that the keys 
specific to the HP-747OA plotter are only defined once 
the HARDPLOT key has been pressed), select which plotter 
and output device are to be used (the CRT is the default 
device in both cases). If you are using the HP-747OA 
plotter, turn it on and insert the paper. Select the 
pen# and speed, if different from the default values. 
You can bring data from a data file into memory at this 
point (by pressing the DATAFH.E key), or you can wait 
until the frame of the plot has been drawn. Press the 

key (k7). The CRT will clear, then query:

X-AXIS NAME, Y-AXIS NAME?

Enter the names (axis labels) for each axis, 
separated by a comma. The names cannot exceed 18 
characters each. If you wish to include superscripts or 
subscripts in the axis names, use the  "- character to 
indicate that the characters following are to be written 
up 1/2 line, and use the \ character to indicate that 
the characters following are to be written down 1/2 
line. Thus 2Oi5pb/2OH-pb would be indicated by the 
characters xv2O6\Pb/^2O4\Pb. The next query will bes

X and Y LIMITS (CXmin,! Xmax, CYmin,! Ymax?

Enter either 2 or 4 values (the brackets indicate 
optional inputs). If the plot is to start at the origin 
(X minimum and Y minimum = O>, just enter the maximum 
limits for the plot box X and Y values, separated by a 
comma. Otherwise, enter the X minimum, X maximum, 
Y minimum, and Y maximum values for the plot box, 
separated by commas. The plot box limits that will 
actually appear on the plot may be slightly larger than 
the ones you specified, so that they will fall on 
logical tick locations. For example, if you specified 
X axis limits of 2.13 to 15.74, the plot box would 
actually be drawn from 2.OO to 16.OO, with a tick 
interval of 2.
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If you chose the HP 747OA plotter instead of the 
CRT as the plotting device, the next query Mill be:

PLOT-SIZE <3-lO) 
(press ENDLINE for nonstandard dimensions/locations)?

The largest size that will fit on standard 
8.5"X11" paper is 1O, whereas a size of 3 will give a 
centered plot only a few inches across. Any plot 
defined with a plot-size of 3 to 1O mil have the same, 
rectangular X Y dimensions. If, however, you want your 
plot to be uncentered in the paper, or to have some 
arbitrary X-Y dimensions, press the ENDLINE key.

If you pressed ENDLINE in response to the 
PLOT-SIZE query, the CRT will then display:

PRESS I TO DEFINE THE PLOT-LIMITS FOR THE 
ENTIRE FIGURE-AREA,

PRESS 2 TO DEFINE LIMITS FOR THE PLOT-BOX ONLY

Press the 1. key if you wish to define the 
plot-limits in terms of the smallest box that will 
enclose the entire figure, including tick labels and 
axis labels. Press the 2 key if you wish to define the 
plot-limits in terms of only the plot-box itself - that 
is, the box (containing the axis-ticks) that is actually 
drawn. The CRT will then ask you to enter the minimum 
and maximum values of these plot limits, defined in 
millimeters from the lower left corner of the actual 
plotting-paper. Maximum values that can be used are 257 
mm along the X direction (the long dimension of the 
paper), and 191 mm along the Y direction (the short 
dimension of the paper). This feature is particularly 
useful for stacking plots with the same X axis and 
X axis limits.

After a few seconds of calculations, the computer 
will draw the plot box, defined by the X and Y axes, 
draw the axis ticks, label the ticks, and label the 
axes. The display will clear, and a new set of 
definitions for the special function keys will appear. 
I will refer to this point in the program as the "select 
plotting symbol" location.

-6-



Crev. 12/14/833

The functions of these keys are as follows: 

KEY* KEY LABEL FUNCTION

kl OPEN Ebox Use open (unfilled) error boxes as
plotting symbols.

k2 OPEN Eel1 Use open error el1ipses as plotting
symbols.

k3 POLYGON Use a polygon of arbitrary type as
plotting symbols.

k4 ERRCROSS Use error crosses as plotting symbols.

k6 YORKFIT Calculate a regression line to the last
set of plotted data (appears only after 
2 or more points have been plotted).

k7 OPTIONS Temporarily redefine the special-
function keys to permit some ad 
ditional functions, including chang 
ing the error input format,dumping 
the CRT plot to the printer, storing 
the CRT plot on a disk, and fitting 
a polynomial curve to data. Details 
are given in a later section.

Same as OPEN Ebox, but solid (filled 
in).

Same as OPEN Eel1, but solid (filled 
in).

Draft a phrase at some arbitrary 
location on the plot.

(Default) Select pen# 1 (HP-747OA) or 
the solid-line "pen" (CRT-plot).

Select pen* 2 (HP-747OA plots only).

Use the "erasing pen" (CRT plots only). 
"Erases" any previously plotted line 
that it encounters   useful for "un  
plotting" symbols or lettered phrases.

k!3 DATAFILE Bring data from a VIS1CALC or

k8 

k9 

klO 

kll

k!2 

k!2

SOLID Ebox 

SOLID Eell 

LETTER 

PEN 1

PEN 2 

ERASE PEN

-7-
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numeric da file into memory.

k!4 REDRAW Start defining and drawing a completely
new plot. Better than pressing PAUSE 
and then RUN, because the program is 
much faster once it has gone through 
its functons at least once.

CTL D    Dump the CRT plot to an HP-747QA
plotter. The dumped plot will be drawn 
using pentt 1 at the fastest pen speed, 
at PLOTSIZE 8.

CTL S    Use a solid line instead of a dashed
line for drawing Yorkfit lines.

+ Q X * ... Any upper case keyboard symbol can be
used as a plotting symbols. Use the 
space bar if you don't actually want 
the points plotted.

CTL H CHELP3 Display a list of explanations of the
functions of the keys for this display.

Plotting data points:

Keep in mind that once you have reached the 
"select plotting symbol" part of the program, you can 
always re start the program at this location by pressing 
PAUSE, typing in CONT 1, and then pressing ENDLINE. 
This re entry procedure can be very useful in recovering 
from errors, or just as an immediate re start at the 
data input part of the program.

Make sure that the current pen is the one that 
you wish to plot with. If not, select the appropriate 
pen by pressing either the PEN i <kll) or PEN 2 (k!2) 
keys <HP-747OA plotter only). Then, press the 
appropriate key for the plotting symbol that you wish to 
use. If you chose the POLYGON key (k3>, the query,

ttSIDES (- for star) C,OPEN/SOLID(O/1) C,SIZE(1-5)
C,ROTATION <O-36O)333?

will appear. You must choose the number of sides (for 
example, 3 for a triangle, 1O or more for a circle), but

-8-
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the other parameters are optional. If you enter the 
number of sides as a negative number, the plotting 
symbol will be a star shaped polygon with the number 
points of the star equal to the #SIDES value. 
OPEN/SOLID defines whether the polygon is to be left 
open (O) or filled in (1), and has a default value of O. 
SIZE defines the size of the polygon, with 1 being a 
very small polygon and 1O a very large one. The default 
SIZE is 2.5. ROTATION defines the angular orientation 
of the vertices of the polygon, in degrees 
counterclockwise from the horizontal. Thus a ROTATION 
of 45 for a 4 sided polygon will give an upright 
appearing square, and a value of 27O for a 3 sided 
polygon will give a downward pointing triangle. If a 
ROTATION value is not specified, even sided polygons 
will be drawn with one side parallel to the X-axis, and 
odd sided polygons with an upward pointing vertex.

After answering the POLYGON query, or immediately 
after pressing any other of the plotting symbol keys, 
the program will request you to enter the data points by 
the query,

INPUT DATAFILE SET #s AS 1st SET, LAST SET-ASTERISK 
(e.g. 2,12* or 2,12;15,18*)

#1: Xname, C%err, 3 Yname C,5ierr3 C,err corr.3 
(ENDLINE when done)

The first line, incidentally, appears only if you 
have previously loaded a data file into memory. Also, 
"Xname" and "Yname" are just examples of labels for the 
axes of the plots; obviously, your axis labels would be 
different.

To enter data from the keyboard, you may use any 
of three types of data input. You can simply type in 
the X value and the Y value of the data point, separated 
by a comma, then press the ENDLJNE key. Or, you can 
type in the d<?ta in the form X value, %X error, Y value, 
5CY error, ENDLINE. Or you can enter the full error and 
error correlation information in the form X value, 
%X-error, Y-value, %Y-error, X-Y error correlation. 
Note that in the standard (default) error entry mode, 
the errors must be entered at the 2-sigma (or 952 
confidence) level and in percent. You can, however, 
choose to enter your errors at the 1 sigma level and/or 
in absolute rather than percent values, using the

-9-
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OPTIONS key mentioned above and discussed below.

To enter data from a data file (assuming that you 
have already loaded data from a data file into memory 
using the DATAFJLE key), the following input format is 
used. To enter a single set, enter the number of the 
data-set to be plotted, followed by an asterisk; for 
example, 17*. To enter several data sets in sequential 
order, enter the first and last sets of the series, 
followed by an asterisk; for example, 17,32* for sets 17 
through 32, inclusive. To enter a mixture of different 
series and individual sets, separate broken series with 
a semicolon; for example, 2,5;11,13;15;2O,22* for sets 2 
through 5, 11 through 13, 15, and 2O through 22.

After entering the first data point, continue the 
process (up to 3OO points for plotting or polynomial 
regression, and up to 1OO points for plotting with 
Yorkfit) until all of the data-points that you wish 
plotted with the particular symbol and pen chosen 
earlier have been entered. Then, to start plotting the 
data, press the ENDLJtNE key without typing in any data. 
If any data points have X or Y values of zero, they will 
not be accepted (because the Yorkfit algorithm involves 
dividing by the X and Y values). Also, the internal 
consistency of the errors and error correlations will be 
checked.

If you chose a plotting symbol that requires the 
errors of the data points (for example, error box, 
error-cross), you will be asked to provide blanket 
errors for each of the points for which no errors were 
assigned. Similarly, if the plotting symbol were an 
error ellipse, errors and error correlations will be 
requested for each point with unassigned errors and/or 
error correlati ons.

If any of the data points to be plotted were 
typed in from the keyboard, the values of all the 
entered points will be displayed, and the CRT will 
query,

SET TO BE CORRECTED? (ENDLINE IF OK)

If you wish to correct any of the input, enter the set* 
(as indicated on the CRT) of the incorrect data, then 
enter the correct values. Press ENDLINE when no more 
sets require correction. The data points will then be 
plotted using the plotting symbol chosen earlier.

1C-
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Examples of plots and plotting symbols are shown in 
figs. 1 and 2.

FIG. 1 : Examples of S y m b o1s
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After plotting the data points, the CRT will display,

PRESS REIAiN TO INCLUDE THESE POINTS
WITH OTHERS FOR A YQRKFIT.

PRESS CONUNUE TO CONTINUE. 

PRESS YORKFIT FOR A YORKFIT.

If you wish to add to the data-points that were 
just plotted with other data points using a different 
plotting symbol or pen color, and then calculate a 
best-fit line for all of these points, press the RETAIN 
special function key <k6). If you wish to calculate a 
best fit line for the last group of points (defined as 
the points numbered from 1 to the last point plotted), 
press the YORKFI.T special function key <k5>. Otherwise, 
press the CONTINUE special-function key <k7>. Both the 
REJAIN and CONTINUE keys will return you to the "select

 11-
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plotting symbol" part of the program.

Yorkfits

The YORKFIT procedure is a least  squares 
line  fitting method that adjusts for errors in both X 
and Y values, as well as correlations between those 
errors, and is based on the algorithm devised by York 
(1969). Errors of the slope and intercept of the 
best  fit line are calculated using the maximum 
likelihood approach given by Titterington and Hal li day 
(1979). If you aren't sure what the correlations 
between the X and Y errors are, the relationship

Rho - (Ex2+Ey2-Ez2)/(2ExEy)

where Ex, Ey, and Ez are the percent errors in X, Y, and 
Z, respectively, Z  Y/X, and Rho is the correlation 
between the X and Y errors. Rho can range from  1 to

The best -fit line may be calculated in three ways 
(models), depending on the axis  labels and the scatter 
of the data. The first line  fit (Model -1) is always 
calculated using the original York (1969) algorithm, 
wherein all scatter of the data points about a straight 
line is assumed to be due only to the assigned 
analytical errors. For this model, the calculated 
95%  conf i dence limit errors of the slope and intercept 
are propagated only from the assigned analytical errors 
and with a t-multiplier of 1.96, so long as the 
probability of fit is greater than 15%. If the 
probability is less than 15%, the actual scatter of the 
points and a t  multipler for N  2 degrees of freedom (N = 
number of data points) are used to estimate the errors. 
In the Yorkfit printout, the a eri.or.1 errors refer to 
errors calculated from the assigned analytical errors 
alone, and thus are insensitive to the actual amount of 
scatter of the points. The lQcl.udi.ng scatter errors, on 
the other hand, are calculated from the actual amount of 
scatter of the points from the best  fit line.

The probability that the actual amount of scatter 
about the best  fit line would be met or exceeded from 
the assigned analytical errors alone will be printed out 
with the Model  1 line  fit. If this calculated 
probability is low (say less than about 1O%) , then 
either the points scatter for some reason besides

-12-
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analytical error alone, or you have underestimated the 
analytical error. If you suspect the latter, you may 
estimate the degree of analytical error underestimation 
by multiplying each data point error by the square root 
of the M.S.W.D. value. If these increased errors (but 
the same error correlations) were used for the Yorkfit, 
the excess scatter would precisely disappear.

If the probablity calculated for the Model 1 
Yorkfit is less than 2O7., the best-fit line will be 
recalculated using one of two assumptions. First, if 
the axis labels indicate that the plot is a conventional 
Rb Sr, Sm Nd, U Pb, or Th Pb isochron diagram, then all 
excess scatter will be assumed to be due to a 
normally distributed variation in the initial Y axis 
value. In this case, the points will be weighted 
according to their assigned analytical errors plus this 
unknown Y axis error (calculated iteratively). The 
magnitude of the calculated initial Y axis variation can 
be used as a guide to the reasonableness of the 
assumption. This is a Model 3 fit, and is similar to 
the Model-3 fit of Mclntyre and others (1966), except 
that in ISOPLOT the analytical errors are also taken 
into account.

If the axis labels do not indicate that the pl.ot 
is an isochron plot of the types mentioned above, then 
it is assumed that nothing is known about the cause of 
the scatter, and each of the points will be assigned 
equal weights and zero error correlations (Model 2).

In both Model-2 and Model-3 fits, because the 
actual scatter of the points is used for calculating the 
slope and intercept errors, a t multiplier for N 2 
degrees of freedom is used for calculating the 95X 
confidence limit errors.

If the plot is recognized as an isochron diagram 
of the usual Rb-Sr, Sm-Nd, U-Pb (both Alpha versus Mu 
and Beta versus Nu), Th-Pb, Pb-Pb (both 2O7/2O4 versus 
2O6/2O4 and 2O7/2O6 versus 2O4/2O6) plots, the isochron 
age and errors will be calculated using the decay 
constants recommended by the I.U.G.S. (Steiger and 
Jager, 1977). The program recognizes an isochron plot 
by looking for the appropriate isotope numbers in the X  
and Y axis labels.

-13- ,
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After completing the York-fit regression and any 
isochron age calculation, a dashed line corresponding to 
the best fit line will be drawn on the plot. If more 
than one line is drawn on the plot, the dash pattern 
will be slightly different for each line. If you wish a 
solid line to be used instead, you must press CTL S 
during the select plotting symbol display. the CRT will 
clear, and the special function keys will be defined as:

KEY# KEY LABEL

kl 

k2

RESTART 

ADD POINTS

k3

k7

PRINT PLOT

CONTINUE

kll HELP

FUNCTION 

Construct a competely new plot.

Add more points to the ones that 
were just used for a Yorkfit, with 
the intention of requesting a Yorkfit 
for this larger assemblage of points.

Dump the CRT plot onto the printer 
(appears only if the CRT is used as 
the plotting device).

Return to the "select plotting symbol" 
display and keys <see above), for 
plotting of more data, lettering 
on the plot, etcetera.

Display a list of explanations of the 
functions of the keys of this display.

To Draft a Phrase on the Plot:

From the "select plotting symbol" display, press 
the LETTER key (klO). The CRT will clear, and display:

(press ENDLINE to escape)
CHAR.-HEIGHT (tick labels were 3.2) C,SLANT(O-3O)

C,ROTATION!3?

Select a character size, using the information on 
the size of the tick label characters as a guide. If 
you do not wish the characters of the lettered phrase to 
be slanted or rotated (not horizontal), just type in the 
character size and press ENDLINE. Otherwise, also type 
in the slant of the characters in degrees, and the 
angular rotation of the phrase (counterclockwise from

-14-
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the X direction), also in degrees.

If the CRT is the plotting device, you will be 
requested to enter the X and Y coordinates of the 
lower left corner of the phrase.

If the HP-747OA plotter is the plotting device, 
the display will be:

POSITION PEN WITH PLOTTER CONTROLS, THEN PRESS CON!

Move the plotter pen, using the four arrow marked 
buttons at the lower right of the HP-747OA plotter, to 
the desired location of the lower left corner of the 
phrase to be lettered, and then press the CONT key. If 
you wish to start the lettering at a specific X Y 
location, type in MOVE 2O,42 <2O and 42 being the X and 
Y coordinates in this example), then press the CONT key,

For either plotting device (but for horizontal 
angles only), you can use the * and \ keys to indicate 
super  and sub scripts in the same way as for the axis 
names, and you can use the +/  characters to obtain the 
superimposed plus or minus symbol < ± ).

The OPTIONS Key:

OPTIONS key <k7) , defined during the "select 
plotting  symbol " display permits you to redefine the 
format of the data  point errors, to dump a CRT plot to 
the printer, and to store a CRT plot on a flexible disk, 
When the QPTI.QNS key is pressed, the special -function 
keys are defined as:

KEY* KEY LABEL FUNCTION

1 PRINT PLOT Dump the CRT graphics to an
HP-82905B or HP-2673 printer.

2 ABS ERRORS Permits entry of the data-point
errors in absolute values, rather 
than in percent.

3 % ERRORS (Default) Permits entry of the data
point errors in percent, rather 
than as absolute values.

-15-
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1-SIG ERRORS

2-SIG ERRORS

STORE PLOT

11

14

HELP

POLYFIT

Permits entry of the data point 
errors at the 1-sigma level rather 
than 2 sigma.

(De-fault) Permits entry of the data 
point errors at the 2 sigma level 
rather than 1 sigma.

Allows you to store the CRT 
graphics on a flexible disk for 
later retrieval and display, using 
the GLOAD command.

Display a list of explanations of 
the functions of the keys of this 
display.

Do a polynomial regression <up to 
5th order) and draw the polynomial 
curve for the last block of data.

Retrieving Data from Numeric Data-Files:

Two types of data file structures can be accessed 
by the ISOPLOT program. The simplest structure (and 
more rapid by far) is data stored as simple numeric 
arrays, plus simple string arrays for brief names for 
each data set. These data file structures can be 
created from existing VISICALC data-files with the 
NUMVERT program, or quite simply by a user written 
program. Each data set, together with an 18 character 
name for the set, is stored on the flexible disk as an 
individual record which contains the 18 character 
name string followed by a 45 element, ful1 precision 
numeric vector. Thus each record contains up to 45 
different values (parameters), from which the user can 
select the X Y data points, together with (optionally) 
the errors and error correlations of the points.

The first query after pressing the DATAFI.LE 
special-function key is:

NAME OF DATA-FILE TO BE RETRIEVED? (to get a disk 
catalog, enter C for drive O, c for drive 1).
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Type in the file name of the data file, followed 
by the mass-storage specifier (for example, 
TRIALFILEsD7Ol or TRIALFILE.PLOTDISK), then press 
ENDLINE. The program automatically determines if the 
file is a numeric or VISICALC file. Then, assuming that 
the data file is a numeric file and not a VISICALC file, 
the CRT will query;

COLUMN** FDR X, C,%Xerr,3 Y C,%Yerr,3 C,Err-Correl3"? 
(press ENDLINE for column-name listing)

You must know which columns of the numeric array 
contain the desired X and Y values (and errors   error 
correlations) to answer this query. To obtain a listing 
of the column names for the VISICALC file, just press 
the ENDLJ[NE key, and after searching the disk for the 
column names, the list of column names will be printed 
out. There are up to 45 columns available. The 
response format is similar to that of the keyboard 
data entry format, in that 2, 4, or 5 values can be 
entered, except that the inputs are column-numbers of 
the appropriate data, not the values themselves. For 
example, if no error values were stored in the array, 
you might enter 6,19 to indicate that the X-values are 
in column 6 and the Y values in column 19. Or, an input 
of 6,8,19,22,25 would indicate that the X and Y values 
are in columns 6 and 19 respectively, that the X error 
and Y error values are in columns 8 and 22 respectively, 
and the X Y error correlations are in column 25.

The data will then be retrieved from the disk and 
printed out either on the CRT or the printer, depending 
on which was chosen during the plot set up part of the 
program. You can then plot this data by simply 
referring to the set numbers printed out with each data 
set.

Retrieving Data from VISICALC Data Files:

VISICALC is an extremely powerful and flexible, 
commercially available program for creating, 
manipulating, displaying, and storing data. The program 
is available for many small computers, and is sold by 
Hewlett-Packard for the HP-86/87 as the VISICALC PLUS 
program. In brief, the program allows either numeric or 
alphanumeric data to be displayed as a 2 dimensional 
array of rows and columns of arbitrary size, and stored
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as individual character strings for each element in the 
array. The advantage o-f this data format is the 
flexibility of display format and ease of manipulating 
the format (such as moving, adding, or deleting 
data elements, rows, columns, or blocks). The 
disadvantage, compared to less flexible formats, is that 
such data files are slower to load into the memory of 
the computer than simple numeric data files, as the 
elements of the two dimensional array are stored 
individually as strings, and must be converted to 
numeric values by the computer program.

Enter the file name of the VISICALC data-file 
when requested (see numeric data file section). The CRT 
will locate the file, then query,

INPUT BEGINNING, ENDING ROW-NUMBERS CONTAINING
SAMPLE-DATA?

You do not have to know precisely which row numbers of 
the VISICALC file contain the data of interest, but data 
access can be speeded up somewhat if no more rows are 
specified than are actually needed. For most VISICALC 
file formats, for example, the first 5 or 6 rows are 
taken up by titles and column names, so that the 
beginning row number is generally no less than 5 or 6. 
If you are very unsure as to the row numbers which 
include the data of interest, enter 1 as the beginning 
row-number and some safely large number (for example, AO 
if you know that only 4O or so data sets exist in the 
file) as the ending row number. 
PP The next query will be:

(enter ALL to convert all columns)

INPUT COLUMNS (e.g. C,6,AK...) FOR: X, CXXerr3 Y 
C,£Yerr3 C,Rho(X-Y)3?

VISICALC file columns are indicated by alphabetic 
symbols   A through Z, followed by AA through AZ and BA 
through BK. Enter the letters for the columns 
containing the X and Y values, and their errors and 
error correlations, if available (Rho indicates X Y 
error correlation). Again, you may enter two values 
only (X and Y columns, without errors), 4 values (X, 
X error, Y, Y error), or 5 values (X, X error, Y, 
Y error, X Y error correlation).
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Or, if you intend to make more than one plot from 
the data in this VISICALC -file, where different columns 
will be used for the X and Y values for different lots, 
you can save time by entering ALL in response to the 
column numbers query. A response of ALL commands the 
program to convert all of the VISICALC columns to 
numeric values at this time, thus avoiding a second 
conversion of the same file later during the plotting 
session. Once you have requested that all columns from 
a VISICALC file be converted, the query that appears 
when the DATAF_ILE key is pressed will be,

NAME OF DATA-FILE TO BE RETRIEVED? 
(press ENDLINE for more data from TRIALFILE:D7O1)

assuming that all columns from VISICALC file 
TRIALFILE:D7O1 had previously been converted.

During loading of the VISICALC data-file into 
memory, the CRT will show the values of each 
data element of interest as it is recognized (found to 
be in the appropriate column and row) and converted. 
For small VISICALC files, this process will take one or 
two minutes; for large files, up to 5 1C minutes.

If only some (i.e., not all) of the VISICALC 
columns were converted, The converted data will be 
immediately printed out on the CRT or printer, depending 
on which was selected during the plot set up part of the 
program. The set numbers indicated on this printout 
will then be useable as input for the plotting segment 
of the program. If all of the VISICALC columns were 
converted, the CRT will first query which columns are to 
be used for the plotting data.

Note that VISICALC cells containing formulas will 
not be evaluated as numeric data by the plotting 
programs.
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The main differences between CPLOT (see Appendix 
2 for program listing) and ISOPLOT are that,

1) The X and Y axes are defined for the con 
ventional concordia plot; 2O7/235 and 
2O6/238, respectively;

2) CPLOT draws the concordia curve and age ticks 
on the plot, and the plot limits can be de 
fined in terms of concordia ages;

3) CPLOT does not permit error box or error 
cross plotting symbols, as the concordia plot 
errors are generally so highly-correlated 
that such symbols would give a misleading im 
pression of the actual error limits;

4) CPLOT permits only 2-sigma, percent errors to 
be used, but

5) Errors can be entered either in the conven 
tional format (X err, Y err, err correl.), 
or in a simplified format (2O6/238 error, 
2O7/2O6 error) which is approximately valid 
for data with small common Pb corrections.

6) CPLOT permits a "Model-4" algorithm for cal 
culation of best fit lines, based on a model 
of increasing scatter with discordance; and

7) CPLOT calculates the concordia intercepts and 
intercept errors of best fit lines.

The first display after pressing the RUN key is 
the definition of the special function keys, as follows;
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KEY* KEY LABEL 

kl O CTICKS

k2 CRT-PRINT

k3 CRT-PLOT

k4 PEN 1

k5 DATAFILE

k6 NORM

k7 START

k8 \ CTICKS

k9

kll

k!2

k!3

PRINTER

klO HARDPLOT

PEN 2

PENSPEED

SLIDE

k!4 HELP

FUNCTION

Use a small circle to indicate 
concordia curve age ticks, and label 
the age ticks with horizontal labels to 
the left of the ticks (default).

Use the CRT as the printing device 
(default).

Use the CRT as the plotting device 
(default).

Use a solid white line (CRT) or pen #1 
(HP-747OA) as the plotting pen 
(default).

Load data from either a VISICALC or   
numeric data file into memory. ,- '"

/
Use normal size labels and symbols 
(default).

Start constructing the concordia plot.

Use a dash constructed perpendicular to 
the concordia curve to indicate age 
ticks, and label these ticks along the 
same line as the ticks but upwards and 
to the left.

Use an HP-829O5B or HP-2673 printer as 
the printing device.

Use an HP-747OA plotter as the plotting 
device.

Use pen #2 as the plotting pen 
(HP-747OA plotter only).

Select pen-speed of HP-747OA (default 
is fastest speed).

Use slide size (proportionally larger) 
labels and plotting symbols.

Display a list of explanations of the

-21-



Crev. 12/14/833

functions of the keys of this display.

Include leading zeroes for any tick 
label besides zero) of less than oni 
<for example, 0.14 instead of .14).

After you have selected the printer, plotter, 
pen, pen speed, letter size, and concordia tick style, 
press the START key (k7). Remember, of course, that you 
need only pay attention to these parameters if you wish 
them to be different than their default conditions. In 
other words, if you wished to construct a plot using the 
CRT only, with horizontal concordia ticks, you would 
simply press the START key without any other input.

After pressing START, the CRT will query:

CMIN. AGE,D MAX. AGE (Ma)? 
<press ENDLINE to define by 6/8-7/5 limits)

If you enter only 1 number in response (by typing in the 
number, then pressing the ENDL.INE key), the plot will 
begin at the origin (zero age) and include the entered 
value as the maximum age, in millions of years, of the 
concordia curve. If you enter 2 numbers, separated by a 
comma, the first number will be the minimum concordia 
age of the curve, the second number the maximum 
concordia age. For example, if you entered I§ 8OO,295O" 
in response to the above query, you would obtain a plot 
where 8OO Ma (or slightly less, so that the axis ticks 
would not start at some value such as O.511937845) were 
the youngest age included in the plot box, and 295O Ma 
were the oldest age.

To define the limits of the plot box by the 
actual 2O7/235 and 2O6/238 minimum and maximum values, 
press the ENDLINE key in response to the age limits 
query, and the CRT will query,

/
207/235, 206/238 LIMITS <tMin.,3 Max., CMin.3, Max.)?

Enter two values separated by commas to define 
the maximum 2O7/235 and 2O6/238 limits of the plot-box, 
and to start the plot box at the origin. Enter four 
values separated by commas to define the mimimum and 
maximum values of both the 2O7/235 and 2O6/238 axes.
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Plotting and data input are done in a similar way 
to the ISOPLOT program, with the -following exceptions:

1) to dump a CRT plot to the HP-747OA plotter, press 
the key labled HPLOT DUMP <k3>; and

2) to permit a data point error format using
2O6-Pb/238-U and 2O7-Pb/2O6-Pb errors instead of 
2O6-Pb/238-U and 2O7-Pb/235-U errors plus their 
error correlations, press the key
labeled 7ERRORS? (kl3>. The program can calculate 
approximately valid 2O7 Pb/235 U errors and the X 
and Y error correlations -from this input (2O6/238 
and 2O7/2O6 errors only), provided that the data 
points were not calculated with large common Pb 
corrections.

Examples of CPLOT plots are shown in figs. 3 and 4.
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The Model-1 YORKFIT algorithm of CPLOT is 
identical to the algorithm used in ISOPLOT, and if the 
probability of the scatter for the Model 1 fit is 
sufficiently high (more than 2O5O, the intercepts and 
intercept errors with the concordia curve of the 
best fit line are immediately calculated. The 
algorithm used for calculation of the 
concordia intercepts and intercept errors is that of 
Ludwig <198O).

If the probability of the scatter for the 
Model 1 fit is less than 2O%, you must choose whether 
the subsequent attempt at line fitting uses Model 2 
assumptions (see ISOPLOT discussion of Model-2), or 
Model 4 assumptions. Model 4 assumes that the scatter 
of the points must increase with the discordance of the 
points, and so weights the points according to their 
degree of concordance. This may be done in two ways, 
depending on whether one wishes to consider the lower 
intercept of the chord with concordia as concordant 
(Model 4 LI) or the upper intercept as concordant 
(Model 4 UI). Model 4 UI in effect assumes that the 
excess scatter arises from the effect of more than one 
episodic disturbance, and that this effect increases 
with increasing discordance. Thus Model 4 UI attempts 
to model a suite of points that lie within a triangular 
wedge, with its apex at the true primary age of the 
zircons, and its lower concordia intercepts lying on or 
between the youngest and and oldest subsequent 
disturbances. The basis for this model comes from 
Oavis (1982). Model 4 LI, on the other hand, assumes 
that the true age of the suite is at the lower 
intercept of the best fit line, and that the excess 
scatter about this line is due to the presence of one 
or more older (inherited) components.

To deal with these assumptions, the Model 4 
algorithm in effect expands the 2O7pb/2OiSpt errors of 
each data point proportional to the discordance of that 
point, until all of the observed scatter is accounted 
for. The effect of this algorithm is to assign more 
weight to the relatively concordant points and less to 
the relatively discordant points. Several iterative 
cycles of line fitting and concordia intercept 
calculation are required. Whether Model 2 or Model 4 
is chosen depends on what you believe to be the reason 
for the excess scatter of the points. If either the 
multiple disturbance or simple inheritance model seems 
likely, and especially if you have several points that
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are only slightly discordant, Model 4 may be reasonable 
choice. However, if you consider that the Model 4 
assumptions are simplistic, perhaps the "know nothing" 
approach of Model 2 would be more reasonable.

After completing the Yorkfit, if you are using 
the CRT as the plotting device, the intercepts and 
intercept uncertainties will be printed out on the 
plot. If the HP-747OA is the plotting device, the CRT 
will display,

PRESS LABEL INT.. FOR PLOT-LABEL OF INTERCEPTS. 
PRESS CONIINUE TO DECLINE.

If you press k6 (LABEL INT..), the intercepts, intercept 
errors, and MSWD will be lettered in the lower right 
hand corner of the plot box. If more than one such 
Yorkfit and intercepts have been calculated, succeeding 
intercept solution phrases will be stepped up in the 
plot box so as not to overwrite each other.

After lettering the intercept solution, or if 
you pressed k7 (CONTINUE), the program will return to 
the RETAIN/CONTINUE/YORKFIT display (see above).
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PBPLQI

The PBPLOT program (see Appendix 3 -for listing) 
is similar to the ISOPLOT program except for the 
following differences:

1) The X-axis is always defined as 2O6-Pb/2O4-Pb, 
and the Y-axis can only be defined as 
2O7-Pb/2O4-Pb or 2O8-Pb/2O4-Pb;

2) A single stage Pb growth curve can be drawn in 
the plot;

3> The error box and error cross plotting symbols 
are not permitted, as the errors in the X and Y 
axes are always highly correlated;

4) Only Model-1 and Model-2 Yorkfits are permitted;

5) After each Yorkfit, a 2O7/2O6 (or 2O8/2O6) age
and age  error is calculated, and the intercepts 
and intercept  errors of the best fit line with 
the single stage growth  curve are calculated.

Examples of PBPLOT are shown in figs. 5 and 6.
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The first CRT display after pressing the RUN key 
defines the special-function keys as follows:

KEY# KEY LABEL 

kl O 6TICKS

k2 CRT PRINT

k3 CRT PLOT

k4 PEN 1

k5

k5

STACK

DATAFILE

FUNCTION

Use a small circle to indicate growth 
curve ticks, and label these ticks 
horizontally, above and to the left of 
the ticks (default).

Use the CRT as the printer (default). 

Use the CRT as the plotter (default).

Use pen #1 of the HP-747OA plotter 
(default).

Suppress the X axis label and the 
X-axis tick-labels, so that a 2O8/2O4 
plot can be stacked on a 2O7/2O4 plot.

Load data from a VISICALC or numeric 
data file into memory (appears only
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k6 NORM

k7 207/204

k8 \ STICKS

k9 PRINTER

klO HARDPLDT

kll PEN 2

k!2 PENSPEED

k!3 SLIDE

k!4 2O8/2O4

k7 START

N

H EHELP3

after the Y axis has been selected).

Use normal size labels and symbols 
(default).

Define £O7pb/2OM-pb as the Y-axis.

Use a dash which would intersect the 
starting age on the Pb growth curve 
for the growth curve ticks (so the 
dash is a portion of an isochron), 
with parallel tick labels.

Use an HP-829O5B or HP-2673 printer as 
the printer.

Use an HP-747OA as the plotter. 

Use pen #2 of the HP-747OA plotter.

Select the pen speed of the HP-747OA 
plotter (fastest speed is default).

Use larger size labels and symbols. 

Define 2G8pb/2OHpb as the Y-axis.

Enter the plot limits and draw the 
plot box (appears only after the Yaxis 
has been selected).

Press the N key to suppress the 
Pb isotope growth curve.

Press the T key to suppress just the 
growth curve ticks and tick labels.

Press the H key to obtain a list of 
explanations of the functions of the 
keys of this display.

After selecting the Y axis, and changing any 
required printer, plotter, pen, or pen speed values from 
their default values as required, press the START key 
(k7). The CRT will clear and display,
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PRESS ENDLINE FOR STACEY-KRAMERS GROWTH-CURVE, 
PRESS * FOR ARBITRARY GROWTH-CURVE.

If you wish the growth curve for the plot to be 
the standard, single stage growth curve of Stacey and 
Kramers (1977), press the ENDLINE key. This growth 
curve has a starting age of 37OO Ma, initial-Pb 2O6/2O4 
= 11.152, 2O7/2O4 = 12.998, and 2O8/2O4 = 31.23O, and 
assumes 238ij/2cmpb = 9.78 for the Pb-source (present-day 
value), and 23Sij/232jh = .26455. If, however, you wish 
to define the parameters for some other Pb growth curve, 
press the asterisk key. Upon pressing the asterisk key, 
the CRT will query,

INITIAL 206/204 and 2O7/2O4, STARTING AGE (Ma), SOURCE
238/2O4?

Enter the starting 2O6/2O4 and 2O7/2O4 (or 
2O8/2O4, if a 2O8/2O4-2O6/2O4 plot) for the growth 
curve, the age at which these starting values apply, and 
the present day 238ij/2QM-pb of this isotopic reservoir. 
If the plot is a 2O8/2O4-2O6/2O4 plot, the CRT will also 
query its present day 23Sy/232jh.

Once the growth curve parameters are entered 
(either specifically or by default), the CRT will query:

2O6/2O4 and 2O7/2O4 LIMITS (min., max., min., max.)?

Enter 4 values, separated by commas, to define 
the maximum and minimum limits of the plot box: 
minimum 2O6/2O4, maximum 2O6/2O4, minimum 2O7/2O4, 
maximum 2O7/2O4 (for a 2O7/2O4-2O6/2O4 plot). If the 
plot is to be drawn with the HP-747OA plotter, the CRT 
will request the plot size, as in the ISOPLOT and CPLOT 
programs. The labeled plot box and Pb growth curve will 
then be constructed, and the CRT will show the "select 
plotting symbol H display, which is similar to that of 
the CPLOT program.

The plotting and line fitting portion of PBPLOT 
is similar to that of CPLOT, except that,
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1) Only York-fit models 1 and 2 are permitted,

2) Once a best fit line is obtained, the intercepts 
and intercept errors of this line with the 
Pb growth curve are calculated, and

3) An age and age error are calculated from just the 
slope of the 2O7/2O4-2O6/2O4 or 2O8/2O4-2O6/2O4 
best-fit line.

For PBPLOT, data from VISICALC files can be 
recovered in a slightly different way than ISOPLOT or 
CPLOT, in that the user can choose to bring all three of 
the relevant Pb-isotope ratios (2O6/2O4, 2O7/2O4, and 
2O8/2O4) into memory at the same time. This is 
especially convenenient if 2O6/2O4 - 2O8/2O4 and 2O6/2O4 
  2O7/2O4 plots are to be constructed from the same 
data set. When the query for the columns for the 
Pb isotope data appears, the CRT will also prompt:

6/4, %err, 7/4, %err, Rho(6/4-7/4), 
8/4, Xerr, Rho(6/4-8/4)

ors 6/4, %err, 7/4, %err, Rho(6/4-7/4)

ors 6/4, 7/4, 8/4

ors 6/4, 7/4 ?

The number of values in your response defines which of 
the above formats that the computer assumes. For 
example, suppose that you requested all three of the 
2O6/2O4, 2O7/2O4, and 2O8/2O4 ratios to be recovered 
from the VISICALC file. Then, when you request a REDRAW 
of the plot with, for example, 2O8/2O4 as the Y-axis 
rather than 2O7/2O4, to use the 2O8/2O4 data in the data 
file just press the DATAFILE key, and the CRT will show 
the message,

NAfE OF DATA-FILE TO BE RETRIEVED? 
(press ENDLINE to re-use data from file TRIALFILE)

Press the ENDLI.NE key, and the previously-recovered 
2O8/2O4 data will automatically replace the earlier 
2O7/2O4 data.
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NUMVERI

NUMVERT is a short program to convert
VISICALC-created data files to a more-rapidly accessible 
form of numeric plus string files. Such a file takes up 
less space on the floppy disks, and is of most value for 
large files that Mill not require editing and that will 
be accessed repeatedly by one or more of the plotting 
programs.

NUMVERT does make some assumptions about the 
structure of the VISICALC file. First, the VISICALC 
file must be assigned a column width of 9 characters in 
order for the TOM names (sample names) to be recovered 
accurately. ROM names (sample names) are assumed to 
occupy the first two columns (A and B) of the VISICALC 
array. Second, no more than 45 columns (C through AU) 
of numeric data in the VISICALC file will be converted. 
And third, no more than 1OO rows of numeric data in the 
VISICALC file will be converted. Note also that cells 
with formulae instead of numeric data will not be 
converted to numeric data.

Each row of VISICALC data is converted to a SHORT 
precision (6 digit accuracy), 45 element vector, with 
each element in the vector corresponding to the numeric 
value in the equivalent column of the VISICALC array 
(less the two columns used for the row names (sample 
names). The alphanumeric characters in the columns A 
and B of the VISICALC array are combined to form a row 
name (sample name) of up to 18 characters. Each 
converted row is stored as an individual record in the 
form

N«,X()

where N* is dimensioned to a length of 18 characters, 
and X is dimensioned as X(45) (option base 1).

Running NUMVERTs

After loading NUMVERT and pressing the RUN key, 
the CRT will display,

NAME OF VISICALC FILE TO BE CONVERTED TO NUMERIC FILE?

Enter the name of the VISICALC file, complete with 
appropriate mass storage specifier, if necessary. The
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program Mill confirm that such a file exists, and 
immediately start converting the VISICALC cells to 
numeric and (for row names) string values. The CRT will 
show the values of the VISICALC strings, row names, 
rows, columns, and numeric values as the conversion 
proceeds. When the conversion is complete, the CRT will 
query,

NAME OF NUMERIC DATA-FILE?

Enter the name of the numeri.c file that you wish stored, 
complete with mass storage specifier if necessary. If 
sufficient space exists on the specified disk, the file 
will be created, stored, and a catalog of the disk will 
appear on the CRT. If sufficient space does not exist 
on the disk, the CRT will display,

DISK FULL: REPLACE/PACK DISK, PRESS CON!

Either choose a new disk, or pack the existing disk to 
create more useable storage space and then press the 
CONT key.
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FIGURE CAPJIQNS

Figure 1: Example of CRT plot (dumped to HP-829O5B 
printer) from ISOPLOT.

Figure 2s Example of HP-747OA plot from ISOPLOT.
Dashed line is best-fit line to data points 
with error-ellipse symbols. Examples of 
some of the other possible symbols are 
shown to right. The isochron age is 
calculated automatically by the program.

Figure 3: Example of CRT plot (dumped to HP-829O5B 
printer) from CPLOT, using horizontal 
concordia-tick option.

Figure 4: Example of HP-747OA plot from CPLOT, using 
oblique concordia tick option.

Figure 5: Example of CRT plot (dumped to HP-829O5b 
printer) from PBPLQT, using horizontal 
growth curve tick option.

Figure 6: Example of HP-747OA plot from PBPLOT, using 
both growth curve tick options. The 
2O8/2O4 plot was precisely aligned with the 
2O7/2O4 plot using the nonstandard 
plot-size and stack options.
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axes tor CPLOT ................................................. 20
axes for PfiPLOI ................................................ 26,28
axis labels to indicate isochron plot .......................... 15
axis labels .................................................... 5
axis iiaits ilSOPLQT) .......................................... 5
axis naies USOPLQT) ........................................... 5
axis-tick locations ............................................ 5
best-fit line - see Yorkfit or polynomial curve-fitting
brackets, enclosing optional-input proupt ...................... 3
captions, figure ............................................... 34
catalog of disk, obtaining ..................................... 16
changing error-input fornat (ISOPLOT) .......................... 15
character size for lettered phrases ............................ 14
circle as plotting-synbol ...................................... 8
containing points with different syibols for rorkfit ............ 11
computer ....................................................... 2
concordia curve, tick-style for ................................ 21
concordia data, errors for ..................................... 20,23
concordia plotter (CPLOT) ...................................... 20-25
constants, decay ............................................... 13
CONTINUE key ................................................... 14
conventi ons .................................................... 3
correcting data-point entry .................................... 10
CPLOT crt-piot exaaple ......................................... 23
CPLOT prograt list ............................................. 56
CPLOT propraa .................................................. 20-25,56
CRT DAT key .................................................... 4
CRT graphics, viewing using A/6 key ............................ 3
CRT PLOT key ................................................... 21,27
CRT PRINT key .................................................. 21,27
CRT, requesting use for output ................................. 4
CRT, using for graphics ........................................ 4
CTICKS ......................................................... 21
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datafile sets, inputting for plotting .......................... 9,10
datafiles, requesting data fro* ................................ 5
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default printer ................................................ 4,21,27
degrees of freedom (Vorfcfit) ................................... 12
disk catalog, obtaining ........................................ id,17
disk drive ..................................................... 2
Drafting a phrase on the plot .................................. 14
dumping CRT plot to plotter .................................... 8,23
editing data before plotting ................................... 10
equipsent required for prograis ................................ 2
ERASE PEN key .................................................. 7
ERRCROSS key ................................................... 7
error recovery ................................................. S
error-correlation, how to calculate ............................ 12
error-input foraat, redefining ................................. 7,23
errors, of points for plotting, foraat of ...................... 9,10
figure captions ................................................ 34
growth-curve ticks, Pb, suppressing ............................ 28
growth-curve ticks, style of ................................... 27
growth-curve, lead, selecting paraneters for ................... 29
growth-curve, lead, supressing ................................. 23
qrowth-curve, lead ............................................. 26,29
STICKS keys .................................................... 27,28



HARBPLOT kev ................................................... 4,5,21,28
hardware required .............................................. 2
HELP keys ...................................................... 3,4,16,21,28
HP-2673 printer ................................................ 2
HP-7470A plotter ............................................... 2
HP-82905b printer .............................................. 2
HP-96/37 sicrocoaputer ......................................... 2
HPLOT DUMP kev ................................................. 23
including scatter, Yorkfit errors .............................. 12
inherited radioqehic-Pb coaponent iCPLQTi ...................... 24
intercepts of Yorkfit line with Pb growth-curve ................ 30
intercepts, concord!a, labeling on plot ........................ 25
interrupting prograa ........................................... 8
Introduction ................................................... 2
isochron plots, calculation of ages froa ....................... 13
ISOPLQT prograa list ...........;............................... 41
1SQPLOT ........................................................ 2,41
key functions when starting CPLOT .............................. 21
kev functions when starting ISOPL07 ............................ 4
key functions when starting PBPL07 ............................. 27
keyboard plotting-sysbois ...................................... 8
keyboard-entered'data for plotting ............................. 9
LABEL 1NT key .................................................. 25
labeling concordia intercepts on plot .......................... 25
labeling phrases on the plot ................................... 7
LD6 ZEROES key ................................................. 4,22
leading zeroes, requesting for axis tick-labels ................ 4,22
LETTER key ..................................................... 7
lettered phrases, subscripts/superscripts in ................... 14
lettering a phrase on the olot ................................. 14
lisits of X and Y axes USQPLOT) ............................... 5
liaits, of concordia plot ...................................... 22
line-pattern of Yorkfit line ................................... 14
loading the prograas ........................................... 3
M.S.N.D. ....................................................... 13,25
Batrix ROH ..................................................... 2
aaxiaua likelihood errors ...................................... 12
 axiauft nuaber of sets for plotting or Yorkfit ................. 10
Hclntyre and others ............................................ 13,33
leaory required by proqraa ..................................... 2
ainiaua/aaxiaua bounds'of plot (ISQPLQT) ....................... 5
Hodel-3 Yorkfit (ISOPLOT) ...................................... 13
Hodel-1 fit (ISQPLOT) .......................................... 13,13
Hodel-1 Yorkfit (CPLOT) ........................................ 24
Hodel-2 Yorkfit (CPLOT) ........................................ 24-25
Hodel-4 Yorkfit JCPLOT) ........................................ 24-25
Hu, of growth-curve ............................................ 27
Bultiple-disturbance aodel Yorkfit tCPLDT) ..................... 24
naaes, saaple. in data files ................................... 13,31
NORH key (isoplot) ............................................. 4,21,28
nuaeric data files, converting froa V1SICALC files ............. 31-32
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plot size for plotter-plots .................................... 6
platter pens, specifying ....................................... 4,21,27,28
plotter required ............................................... 2
plotter ROM .................................................... 2
plotter, requesting use of ..................................... 4
Plotting data-points ........................................... 8
plotting syabols ............................................... 7,3
POLYFIT key .................................................... 16
POLYBON key .................................................... 7
polygon plotting-syabol ........................................ 7,8
polynoftial regression of data .................................. 16
PRINT PLOT key ................................................. 14
PRINT-DAT key (ISQPLOT) ........................................ 4
PRINTER key .................................................... 21,28
printer, requesting use for output ............................. 4
printers, aodels acceptable .................................... 2
probability of fit (Yorkfit) ................................... 12
probability of fit (Yorkfit) ................................... 24-25
queries, CRT, how to answer .................................... 3
RAH irandoa-access aeaory) required ............................ 23
RAH required ................................................... 2
Rb-Sr ispchrons ................................................ 13
re-entering prograa after PAUSE ................................ 3
re-starting plot ............................................... 7
re-starting prograe after accidental stop ...................... 3,8
re-starting prograa ............................................ 3
REDRA* key ..................................................... 8
regression, linear {YORKFIT) ................................... 12
repression, polynoeial ......................................... 16
RESTART kev .................................................... 14
RETAIN key ..................................................... 11
rho (error correlation) ........................................ 12
ROMs required .................................................. 2
rotation, of lettered phrases .................................. 14,15
rotation, of polygon plotting-syibol ........................... 9
ron naaes, of VISlCALC data .................................... 18
sanple naaes in data files ..................................... 16,18,31
scatter of points about Yorkfit line ........................... 12,13,24
select plotting-syibol location ................................ 6
Setting up the plot foraat ..................................... 3
sides, nuaber of, for polygon plotting-syabol .................. 8,9
SLIDE key ...............I!..........?.......................... 4,21,28
St-Nd isochrons ................................................ lo
SOLID Ebox key ................................................. 7
SOLID Eell key ................................................. 7
special-function keys .......................................... 3
Stacey-Kraaers growth-curve .................................... 29,33
STACK key ...................................................... 4,27
stacking plots ................................................. 4,6,27
star-shaped piotting-syabol .................................... 8,9
START key ...................................................... 3,4,21,28
Steiger and Jager .............................................. 13,33
storing plot on disk ........................................... 16
Student J s-t, using for Yorkfit uncertainties ................... 12,13
subscripts in axis nases ....................................... 5
subscripts in lettered phrases ................................. 14
superscripts in axis naaes ..................................... 5
superscripts in lettered phrases ............................... 14
syabols, plotting .............................................. ?
t-tultiplier for Yorkfit errors ................................ 12,13
Table of contents .............................................. 1
Th-Pb isochrons ................................................ ?
tick labels, axis, obtaining leading zeroes for ................ ?
ticks, concordia,'choosing style of ............................ ?
ticks, Pb growth-curve, choosing style of ...................... ?
Titterington and Halliday ...................................... 12
transparencies, adjusting plot-size for ........................ 23
transparencies, obtaining optiaua size for ..................... 4



triangle as piotting-syibol .................................... 8
U-Pb isochrons ................................................. ?
VISICALC files, converting to nuaeric .......................... 31-32
V1SICALC files, use with PBPLOT ................................ 30
VISICALC prograa ............................................... 2
VISICALCa datafiles, retrieving data froa ...................... 17-19
X-Y plotting - see 1SOPLQT
rORKFIT key .................................................... 7
Vorkfit lines, changing pattern of ............................. 3
forkfit procedure tlSOPLOT) .................................... 12-14
Yorkfit, requesting USOPLQT) .................................. 11

- YO. I  



APPENDIX 1: PROGRAM LISTING OF ISOPLOT

10 ! mttmttmmmmm ISOPLOT mmmmmmmtmmttmmmi
20 i
30 i Proorai for plotting and regression of X-Y data. NOV 08, 1983. 
40 !
50 ! Requires advanced proqraaiing ROM and 105 Kbytes RAM. 
60 ! Data tay be entered frot either of (1) Keyboard, (2) Visicalc data- 
70 ! file, or (3) nX45 Nuieric data-file, and plotted either on CRT or 
80 ! plotter. Errors can be entered as either I or absolute, 1- or 2-sigia. 
90 ! Brackets indicate optional input.
100 ! Takes 100 points for Yorkfit, or 300 points for polynomial regression. 
110 i
120 ON ERROR GOTO 140 
130 IF PLOT.STARTEB THEN PLOTDATA 
140 OFF ERROR 0 OPTION BASE 1 
150 i
160 DIM A(100).X_«T(100),YJT(100),RaOO},Z(100},A*E723,X(300},Y(300},EsJ300},Ey<300},Nane*E503,RO(300},Slope<5},Inter(5},L(5),Erri 
nt(5),Errsl(5),0(5).R$E503 "
170 DJM RR*E503,PLOTDEV(2),Pr{2),Nx$E323,Ny$E323,KEY*E13,H*i300)E183,5(300,5),XX(45),0*<5)E183,XERR(300},YERR(300},AXIS$E653,P$E803, 
CRUD$E503.Nx_$E323,Ny_$E323
180 DIM NxO$E"l03,NyO$E103,NxR*E323,Ny8$E323,£L$E73,COLNi5),Tl(100),T2(100},UilOO},V(100},UV(100},U2UOO},V2(100),22(100),Re$E503,ALL 
KEY$E2563
190 DIM ZERO$E83,XTIK$(8)E123,YTIK$(8}E123,XTIK(8),YTIK(8),CACHE(100,5},SYMBOL(100,5) J LETTER$(25}E803,LETTER(25,5),LI{<E(12,2),X«T(10 
0),Y«T(100)
200 INTE6ER XDEC(8),YDEC(8),ISQTOPE(4) 
210 i
220 ! Rb-87, Si-147, U-238, U-235, Th-232 DECAY CONSTANTS 
230 DATA l.42E-ll,6.54E-12,1.55125E-10,9.8485E-iO,4.9475E-ll 
240 MAT READ L 
250 I
260 ALLKEY$=RPT$ (" '.256) 
270 FOR 1=1 TO 256
280 IF K128 OR 1)172 THEN ALLKEY«I,I3=CHR$ (I) 
290 NEXT I
300 CRUD*=H6L* (» tttt IMPROPER RESPONSE OR NUMBER OF VALUES tt*t ') 
310 ER*='ierr" 9 EA$='2-SISMA' § EB**" X-ERRORS* 9 PERCENT=1 9 SI6=2 
320 CNT$=HSL* (' CONT ") § FILE$=»" * ZERO$='00000000'
330 PLOT5EV(1}=1 ? PLOTDEV(2)=705 ? CPEN=1 § PEN 1 S SL5,HP,DFILE,ALL=0 9 PRINTER IS 1 S EL$=H6L$ ("ENDLINE") 9 SPEED$=»VS" ? ?S=.35 
9 PLR,Pr(2),Pr(l),PR=l

340 POLYSIZE=2.5 § DES 9 PA6ESIZE 24 9 MAXNUM=300 9 MAXYOR=100 § PLOT STARTED.ALL CONVERTED=0 
350 !
360 REDRAU: LZERO,STftCK,OSDSIZE,SIZETYPE,C CT,NLIN£S,NPHftASES,PLOTTER DUMP.SOLID LINE=0 ? DES 9 PA6ESIZE 24 9 CLEAR 9 PEN 0 9 60TQ B 
E8IN
370 !
371 CLEARKEY: ! CLEAR ALL SPECIAL-FUNCTIQN-KEY LABELS
372 FOR i=l TO 14 9 ON KEY! i," 60SUB RETRN 9 NEXT i
373 RETURN
374 !
380 RETRIEVE_STR: ! Retrieve up to 5 substrings (separated by ',') froi string
390 LINPUT R* 9 0$(1),0$(2),0$(3),0$(4),Q$(5)=8B 9 Ninputs=0 9 RR$=R$



400 ON ERROR 6070 440
410 HIPPOS <R$,V) * SP=Wil(«hlO}+(LEN tR$)*l)UMh=0)
420 M(l+Hinputs)=R«Cl,SP-13 * Ninputs=l+Ninputs
430 IF Wi THEN R«=R$Il+Uh] * 60TO 410
440 OFF ERROR * RETURN
450 !
460 RETRIEVE: ! Retrieve up to 5 nuieric values (Separated by ',') froi string
470 LINPUT R$
480 RTR: 0(l},0(2),0(3),0(4},0(5),Ninput5=0 9 RR**R$ ! Alternate entry line
490 ON ERROR 60TO 520
500 Q(l+Ninputs}=VAL (R$) 9 Ninputs=H-Ninputs
510 «h=POS «t$, V> 9 IF Wh THEN R$=R$CU«h3 9 60TO 500
520 OFF ERROR i RETURN
530 !
540 BADJNPUT: 60SUB CLUNK 9 DISP 9 DISP CRUD$ * DISP 9 RETURN
550 i
560 RETRN: RETURN ! Duuy return
570 KRETRN: OFF KYBD 9 RETURN
580 !
590 DEF FNA(X) * INT (L6T (ABS (I+«=0))))
600 !
610 DEF FNTICK(X) ! Returns tick-interval
620 A=10AFNA(X>/8
630 IF ABS <X/A)>12 THEN A=2IA 9 SOTO 630
640 fl=ABS (A)/10AFNA(A)
650 IF BUNT (B) THEN A=INT (B)tlOA FNA(A)
660 FNTICK=A 9 FN END
670 !
680 DEF FNXTICK^P) ! Dra» X-axis & ticks
690 NTn=Xspred/XTiK 9 ETH=NTn/2=INT (NTIX/2) i t Ticks even?
700 FOR X=l TO NTIX
710 ETIK=X/2=INT <X/2) ! Even tick?
720 IF (P^DtETIK OR <P=-l)tMETIK EXQR ETIX}=0) THEN H=XTICKSI2E ELSE «=XTICKSI2E/2
730 IDRA« PtXTIK,0
740 IDRAK 0,P*M 9 IDRA« 0,-(P*H)
750 NEXT X
760 FNXTICK=0 * FN END
770 i
780 DEF FNYTICKfP) ! Draw Y-axis i ticks
790 NTIX=Yspred/YTIK 9 ETIX=NTIX/2=INT (NTIX/2) i I Ticks even?
800 FOR Y»l TO NTIX
810 ETIK=Y/2=INT (Y/2) ! Even tick?
820 IF (P-l)tETIK OR (P=-l)t«ETIK EXOR ETIX}=0) THEN JbYTICICSIZE ELSE H=YTICKSIZE/2
830 IDRA« 0,PtYTIK
840 IDRAtt -(PtH),0 9 IDRAii Ft 11,0
850 NEXT Y
860 FNYTICK=0 9 FN END
870 !
880 DEF FNDr(N.D) ! Round value N to D sig. figures
890 IF N THEN HuslO^D-IHT (L6T (ABS (N)))-l) aSE Hu=l
900 FNDr^IP (NtHu)/Hu 9 FN END
910 !
920 DEF FNDECIHAL(X) ! Returns Idigits beyond denial pt.
930 A=0 9 N=ABS (X)
940 N=10t(ABS (N)-INT (ABS (K))>
950 IF N THEN A=A+1 9 BOTO 940 aSE FNDECIHAL=A
960 FN END
970 !
980 CLUNK: BEEP 115,40 9 BEEP 195,40 9 RETURN ! Clunky sound
990 !



1000 DEF FNCHARW = 1+(ABS <X}>1}*(FNA<X)+(XIINT <X)}H-<X<0)+FNDECIMALU>MABS (XK1}*LZERO ! Characters required for the nutber x

1010 !
1020 DEF FNR(A*> = POS (A$,' A ')-PQS (A*,'\')
1030 !
1040 REMOVE: L.A-LEN (A$) ! Remove superscript, subscript characters frot string
1050 FOR J=l TO LEN (A$>
1060 IF <A>W(A$[J,J]='Ai OR A$[J,J]='\') THEN L=L-1 9 A«J]=A«J*1]
1070 NEXT J
1080 RETURN
1090 !
1100 BEGIN: ALPHA 1 9 CLEAR 9 ALPHA 21,27 * DISP '(LOWER OPTIONS ARE DEFAULT)* 9 OFF CURSOR
1110 ON KEYI 1,"PRINT-DAT* BOSUB HARDCOPY
1120 ON KEY! 2," CRT-DAT' BOSUB DISPLAY
1130 ON KEYI 3,' HARDPLOT' BOSUB HARDPLOT
1140 ON KEYI 4,' CRT PLOT' SOSUB CRTPLOT
1150 ON KEYI 7," START' GOTO 60
1160 IF HP THEN ON KEYI 5,' PEN 1' SOSUB PEN.i
1170 IF HP=0 THEN ON KEYI 5," BOSUB RETRN
1180 IF HP THEN ON KEYI 6,' PEN 2' SOSUB PEN.2
1190 IF HP=0 THEN ON KEYI 6." BOSUB RETRN
1200 IF HP THEN ON KEYI 8,'PEN SPEED" SOSUB PEN_SPEED
1210 IF HP*0 THEN ON KEYI 8,"' BOSUB RETRN
1220 ON KEYI 9,'LDB ZEROES' SOSUB LZERO
1230 IF HP THEN ON KEYI 10,' STACK' BOSUB STACK
1240 IF HP*0 THEN ON KEYI 10," BOSUB RETRN >
1250 ON KEYI 11," HELP' SQTO HELP1
1260 ON KEYI 12,* INGRMI" SOSUB NORMSIIE
1270 ON KEYI 13,' SLIDE' BOSUB SLIDE
1280 ON KEYI 14,' DATAFILE' 60TO BET DATAFILE
1290 !
1300 ON KYBD KY.ALLKEY* 6QSUB keys
1310 !
1320 KEY LABEL
1330 60TO 1330
1340 !
1350 keys: BOSUB CLUNK 9 RETURN
1360 !
1370 60: OFF KEYI 9 CLEAR § DISP 'USE A TO INDICATE SUPERSCRIPT, \ FOR SUBSCRIPT."
1380 DISP ? DISP 'X-AXIS NAME, Y-AXIS NAME";* INPUT Nx_$,Ny_$
1390 DISP § DISP "X and Y LIMITS UXiinJ X«ax, EYiin,! Yiax)»;§ BOSUB RETRIEVE
1400 IF Ninputsl2 AND Ninputsl4 THEN SOSUB BADJNPUT * SOTO 1390
1410 IF Ninputs=2 THEN XMIN,YHIN=0 9 XMAX=QU) 9 YHAX=fl(2) $ 60TO 1430
1420 XHIN=QU) 9 YMIN=0(3) 9 XMAX=0<2) § YMAX=Q(4)
1430 IF XMAX<= XHIN OR YHAX<= YHIN THEN SOSUB BADJNPUT 9 SOTO 1390
1440 IF PLR=1 THEN 1560 ELSE CLEAR § DISP 'PLOT-SIZE (3-10)" 9 DISP 9 DISP '[press "lcEL$t' for nonstandard diiensions/Iocations]':§
DISP § SOSUB RETRIEVE
1450 IF NinputstUOU}<3}+(0(l»10)} THEN BOSUB CLUNK § BOTO 1440
1460 IF Ninputs=0 THEN ODDSIZE=1 ELSE PLOTSIZE=OU) 9 60TO 1560
1470 ALPHA 1 9 CLEAR § OFF CURSOR § ALPHA 8,7 § AHRIT "PRESS *&H6L$ C 1 ')&' TO DEFINE THE PLOT-LIMITS FOR THE ENTIRE FI6URE-AREA,'

1480 ALPHA 10,13 9 AHRIT H6L$ C 2 ")&' TO DEFINE LIMITS FOR THE PLOT-BOX ONLY'
1490 ON KYBD KY,'0123456789' SOTO 1510
1500 60TO 1500
1510 OFF KYBD § IF KYI49 AND KYI50 THEN BOSUB CLUNK § 60TO 1490 ELSE SIZETYPE=KY-48 9 ALPHA 1 9 CLEAR 9 OFF CURSOR
1520 ALPHA 10,10 9 DISP "ENTER PLOT-LIMITS IN   : X-MIN, X-HAX, Y-MIN, Y-MAX" 9 DISP TAB (14);'(iax. liiits are 0-257 [XI and 0-19
I [YJ)";§ OFF CURSOR
1530 DISP 9 INPUT LI«Xl,LIMX2,LIMYl,LIMY2g IF LIMXULIMYKO OR LIMX2>257 OR LIHY2M91 OR LIMX2-LIMXK30 OR LIHY2-LIMYK30 THEN SQSU
B BADJNPUT * BOTO 1520
1540 ~PLQTSIZE=10t«LIMX2-LIMXl)/257+<LIHY2-LIHYl}/191}/2



1550 !
1560 ALPHA 1,1 § CLEAR § OFF CURSOR 9 ALPHA 12.27 9 AHRIT 'A FEU SECONDS, PLEASE..." 9 Nx$=Nx_$ 3 Ny$=Ny_$
1570 ON ERROR SOTO PLOTTER_ERROR § PLOTTER IS PLR § OFF ERROR 9 60TO 1610
1580 !
1590 PLOTTERJRROR: BOSUB CLUNK 9 CLEAR § D1SP TAB (24);HGL$ C TURN THE PLOTTER ON, DUHHY! ") * WAIT 3000 § CLEAR § 60TQ 1570
1600 !
1610 IF PLQTTER.DUHP THEN 1990
1620 IF XMAX<= XMIN OR YHAX<= YMIN THEN 80SUB BAD.INPUT 9 60TQ 1390
1630 XTIK=FNTICiaXMAX-XHIN) 9 YTIK=FNTICI«YHAX-Y«IN>
1640 !
1650 ! Force loner-bound X i Y values to have a tinitui f of sign, figures.
1660 FOR 1=1 TO 7
1670 X=FNDr(ABS (XHIN),I) 9 IF ABS <XMIN)-X<XTIK THEN 1690
1680 NEXT I
1690 IF X«IN>= 0 OR ABS UMIN)=X THEN XHIN=S6N (XHIN)tX ELSE XHIN=-X-XTIK
1700 FOR 1=1 TO 7
1710 Y=FNDr(ABS <YH!N),I) § IF ABS !YHIN)-Y<= YTIK THEN 1730
1720 NEXT I
1730 IF YHIN>= 0 OR ABS <YH1N)=Y THEN Y«!N=SGN (YHIN)IY ELSE YHIN=-Y-YTIK
1740 !
1750 FOR X=XHIN TO XHAX STEP XTIK ! Force X«AX to lie on a tick
1760 IF X+XTIK>= X«AX THEN XMAX=X+XTIK 9 6QTO 1780
1770 NEXT X
1780 FOR Y=YHIN TO Y»AX STEP YTIK ! Force Y«AX to lie on a tick
1790 IF Y+YTIK>= YHAX THEN Y«AX=YWIK 9 BOTO 1810
1800 NEXT Y
1810 Xspred=X«AX-X«IN 9 Yspred=YMAX-YHIN § XDEC_HAX,YDEC_HAX,YCHAR,XCHAR=0
1820 !
1830 ! Find iax. I characters in X & Y ticks & ticks x. iax I deciial places
1840 FOR 1=1 TO Xspred/XTIK/2+1
1850 XTIKm=XHIN+2WIK*U-i>
1360 A=FNCHAR(XTIK(D) 9 IF A)XCHAR THEN XCHAR=A ! tax I of characters
1870 ' XDECm=FNOECIMAL(XTIK(I)) 9 IF XDEC(I)>XDEC_HAX THEN XDEC_MAX=XDECU)
1880 NEXT I
1890 !
1900 FOR 1=1 TO Yspred/YTIK/2+1
1910 YTIKm=YHIN+2miKt{J-n
1920 A=FNCHAR(YTIK(D) 9 IF A>YCHAR THEN YCHAR=A ! iax I of characters
1930 YDEC(I)=FNDECIHAL(YTIK(D) 9 IF YDEC(I)>YDEC.HAX THEN YDEC_HAX=YDECII)
1940 NEXT I
1950 !
1960 CRT=PLR=1 * PP*HCRT 9 HP=PLR«1 9 IF CRT THEN 6CLEAR
1970 IF CRT THEN LIHX1,LIMY1=0 § LIHX2=125 9 LIHY2=75 9 SOTO 2020
1980 IF ODDSIZE THEN 2010
1990 LIMXi»257t(i-.ltPLOTSI2E)/2 § LI«X2=257-LIHXi i For centered plots
2000 LIMYl=191*a-.UPLOTSIZE)/2 9 LI«Y2=191-LIHY1
2010 IF SIZETYPE<2 THEN LIHIT LIMX1,LIHX2,LI&1,LI«Y2
2020 AR=2/3 9 THT=5 9 LHT=6 9 IF CRT THEN 2070 ! Aspect ratio, tick label char. ht.
2030 IF SLD=0 THEN «*.7*U+2.7t(PLOTSIZE<6)/PLOTSIZE) ! For plotsizes<6, soiewhat buffer label-character si2e.
2040 IF SLD THEN H=.95*(H2.7t(PLOTSIZE<6}/PLOTSIZE)
2050 THT=«THT 9 LHT=1.2!K$LHT ! Tick-label and axis-label character heights
2060 !
2070 Pu=POS (Nx$,*A ") 9 Pd=POS (Nx*,^*) 9 Qu=POS (»y$,*A ") 9 Bd=PQS iNy$,"\"}
2080 P=Pu OR Pd 9 Q=fiu OR Qd 9 A=ABS (XHAX-XHIN)/XTIK 9 B=ABS (YHAX-Y«IN)/YTIK
2090 IF Qu AND Qd AND PQS (Nv^j'N'XPOS (Ny*,'A ') THEN Ss=l ELSE Ss=0
2100 ! Ss=l if the Y-axis label has subscripts
2110 IF POS (Nx$,'g») OR POS iNx$,"q*> OR POS (Nx$,'p') THEN Xdsc=l ELSE Xdsc=0
2120 IF POS (Ny$,'gM OR POS (Ny$,'q') OR POS (NyVp") THEN Ydsc=l ELSE ¥dsc=0
2130 ! Need lore rooi for chars. Mith descenders
2140 YL=H-THTt.75+LHT*(.75+.25tP+Xdsc/4) ! BU's beloM X-axis



2150 XL=l+THTIARt<l-HP/3}IYCHARHHT*U.05+.05tCRT+Ss/2+Q/4+Ydsc/6-.3) ! BU's to left of Y-axis
2160 ! XL=l+THTtARtYCHARt(l-HP/6)-.25+LHTtU+Ss/2+Ydsc/6)»il-HP/3} ! to L of Y
2170 YEND=THT/2I(B/2=INT (B/2)) ! BU's above top of Y-axis
2180 XEND=(XCHARtARITHT/2MWA/2=INT (A/2)) ! SU's to right of X-axis
2190 !
2200 IF SIZETYPE=2 THEN C=0 9 60SUB PLQTBQXJIZE
2210 IF RATIO >1 THEN Xgu=100*RATIO $ Ygu=100 ELSE Xgu*100 9 Ygu=100/RATIO
2220 ! Xgu,Ygu are BU's of total-plot area along X fc y-directions
2230 !
2240 XLOC=(Xgu-XEND-XL)/Xspred ! 6U'S per UU (X-direction)
2250 YLOC=(Ygu-YEND-YL)/Yspred ! SU'S per UU (Y-direction)
2260 Xii=XLOCt(LIHX2-LIHXl)/Xgu ! Hilliietres/UU <X-dir)
2270 YM=YLOC*(LIHY2-LI!W)/Ygu ! Hilliietres/UU (Y-dir)
2280 !
2290 LOCATE XL,Xgu-XEND,YL,Ygu-YEHD
2300 IF HP THEN PRINTER IS PLQTDEVJ2) 9 PRINT SPEEB* 9 PRINTER IS Pr(2)
2310 SCALE XHIN,XHAX,YHIN,YHA)(
2320 CSIZE THT 9 LH=ARtLHTW-HP/3)
2330 ! Label every 4th tick, not every other tick if little rooa available
2340 XTnrtZtXTIKtXM !    between every other tick on X-axis
2350 XTLia=THTtARtXCHARtXu/XLQCIU-HP/3) !    taken up by largest X-tick label
2360 IF XTLM/XTu<.5 THEN HTIK=2 ELSE HTIK=4 ! Avoid crowding X-tick labels
2370 !
2380 FOR 1=1 TO Xspred/XTIK/2+1 ! Add deciial pt & sero to
2390 IF XTIK(I)=0 THEN XTIK$(I)='0' 9 GOTO 2470
2400 XTIK$U)=VALf UTIKU)) ! latch format of X-tick with
2410 IF XDEC_«AX=0 OR XDEC_HAX=XDEC(I) THEN 2440 ! lost significant figures.
2420 IF XDEC(I)=0 THEN XTIK$U)=XTIK$(!)&'.  
2430 XTIK$(I)=XTIK$a)iZERO$[l,XDEC_HAX-XDEC(I)]
2440 IF LZERO=0 THEN 2470
2450 IF XTIKU)>0 AND 1TIKUK1 THEN XTIK$(I}="0 > liXTIK$a}
2460 IF XTIKdXO AND XTIK(I»-1 THEH XTlK$U)=»-0'iXTI)C$U}C23
2470 NEXT I
2480 !
2490 FOR 1=1 TO Yspred/YTIK/2+1 ! Add deciial pt & zero to
2500 IF YTIKU)=0 THEN YTIK$U)- B 0 B 9 60TO 2580
2510 YTIK$a>=VAL$ (YTIKiD) ! latch foraat of Y-tick with
2520 IF YDEC_HAX=0 OR YDEC.HAX=YDEC(I) THEN 2550 ! aost significant figures.
2530 IF YDECll)=0 THEN YTIK$(I)=YTIK$U}4V
2540 YTIK$a)sYTIK$(I)HERO$Cl,YDEC.HAX-Y»EC(I)]
2550 IF L2ERO=0 THEN 2580
2560 IF YTIK<n>0 AND YTIKdXi THEN YTIK$(I)s"0'IYTlK$(I)
2570 IF YTIKdKO AND YTIK(I)>-1 THEH YTIK$(I)='-0"iYTIK$a)C23
2580 NEXT I
2590 !
2600 ! LAXES -XTIK,YT«,IHIH,YHIM,HTIK,2,5
2610 XTICKSIZE=2.5/YLOC 9 YTICKSIZE=XTICKSIZEtYM/Xaffl
2620 PEN CPEN 9 SETUU * HOVE XHIN,YHIN
2630 A=FNXTICKU)+FNYTICK(mFNXTICI«-mFNYTICK(-l> 9 FRAHE ! Draw axesfcticks
2640 IF STACK THEN ^690 ELSE LORB 6 9 A=THT/YLOC/3
2650 FOR 1=1 TO Xspred/XT!K/2+l STEP HTIK/2 ! Label X-ticks
2660 HOVE XTIK(D,YHIN-A 9 LABEL XTIKKI)
2670 NEXT I
2680 !
2690 LOR6 8 9 B=THTtAR/2/XLOC
2700 FOR 1=1 TO Yspred/YTIK/2+1 ! Label Y-ticks
2710 IF STACK AND 1=1 THEH 2740
2720 ! Slightly offset 1st y-tick to avoid overlab N. 1st x-tick
2730 HOVE XMIH-8,YTIK(])+a=imHT/9/YLOC 9 LABEL YTIK$U)
2740 NEXT I



2750 !
2760 ! AXES XTIK,0,XHIN,YHAX,2,0,5 * AXES Q,YTIK,X«AX,YHIN,0,2,5 9 FRAME
2770 SET6U * CSIZE LHT * LOIR 0
2780 IF LEN (Ny*)=0 THEM Ny*="   ! if no Y-axis label input
2790 A*=Nx$ 9 60SUB REHOVE * Lx-L * NxR<=A$H,L3 ! Strip super/subscripts
2800 A<=Ny$ § SOSUB REMOVE 9 Ly=L § NyR$=A$U,L]
2810 Pul=(PdlO)t(Pu<Pd) 9 QulMQdtO)X8u<Qd) ! A or \ first indicator
2820 Pul=<Pu*PdtO)t(Pu<Pd)+<Pd=0) § Qul=<Qu*QdlO)»(8u<Qd)+(8d=0)
2830 IF STACK THEN 2920
2840 LOR6 1 ? HOVE (Xqu+XL-XEND)/2-L»tLx/2,XdsctLHT/4 * IF P=0 THEN LABEL NX* * SOTO 2920
2850 !
2360 ! Label sub/superscripts X-axis
2870 IHOVE 0,LHT/4$(Pul=0) ! START 1/4 CHAR-SPACE UP IF SUBSCRIPT 1st
2880 FOR 1=1 TO IEN <Nx*)
2890 A=FNR(Nx*n,I3) § IF A THEN IHQVE 0,AtLHT/4 § SOTO 2910
2900 LABEL Nx*EI,I3 9 IHOVE L»,LHT
2910 NEXT I
2920 LDIR 90 9 LOR6 6 § HOVE 0,(Ygu+YL>/2 9 IF Q=0 THEN LABEL Ny* * SOTO 3000
2930 ! Label sub/superscripts Y-axis
2940 IHOVE 8uHLHT/4,-<Ly»L»/2}
2950 FOR 1=1 TO LEN (Ny<J
2960 A=FHR(Ny$n,I3) § IF A THEN IHOVE HA»LHT/4>,0 9 GOTO 2980
2970 LABEL Ny*CI,I3 * IHOVE -LHT,LH
2980 NEXT I
2990 !
3000 Nx$=NxR* 9 Ny$=NyR* ! Stripped of A and \ characters
3010 NxO$=Nx$Cl,HIN UO,LEN <Nx<»3 9 NyO$=Ny$£l,«IN (10,LEN <Ny<}}3
3020 PEN PLR=1 ? SETUU 9 CLIP XMIN,XHAX,YHIM,YHAX
3030 IF PLOTTERJUHP THEN RETURN ELSE PLOT_STARTED=1 9 SOTO STARTPLOT
3040 !
3050 STACK: STACK=1 ? BEEP § ALPHA 1 § DISP H6L$ <" SUPRESSED X-AXIS i X-TICK LABELS ') 9 OFF CURSOR & RETURN
3060 HARDCOPY: ALPHA 1 9 DISP H6L$ (  PRINTER PRINTOUT ') ? Pr(2)=701 9 PR*2 9 PRINTER IS PH2) 9 OFF CURSOR 9 RETURN ! Use printer
as printing device
3070 DISPLAY: ALPHA 1 9 DISP H6L< (  CRT PRINTOUT ONLY ') 9 Pr(2)=l § PR=1 9 PRINTER IS 1 9 OFF CURSOR 9 RETURN ! Use CRT as printin
g device
3080 HARDPLOT: ALPHA 1 § DISP H6L$ <" PLOTTER SRAPHICS ') § PLR=PLQTDEV(2) § HP=1 9 OFF CURSOR § SOTO BE6IN ! Use HP-7470A as plott
er
3090 NQRHSI2E: SLD=0 9 ALPHA 1 9 DISP H6L$ (  NORMAL CHAR.-SIZE & PLOT-SPEED ') 9 OFF CURSOR 9 RETURN i Use 'norial' size labels & 5
vsbols
3100 SLIDE: ALPHA 1 9 SLD=1 9 DISP H6L< C SLIDE-SIZE CHARACTERS ') 9 OFF CURSOR 9 RETURN ! use relatively iarqe labels i syibols, a
s for 35u slide.
3110 CRTPLOT: ALPHA 1 9 DISP H6L$ C CRT SRAPHICS ") 9 PLOTTER IS 1 9 PLR=1 § HP=0 9 OFF CURSOR 9 SOTO BESIN ! Use CRT as plotter
3120 !
3130 LZERO: BEEP 9 ALPHA 1 9 DISP H6L$ (' ADD LEADING ZERO TO TICK-LABELS ') 9 OFF CURSOR 9 LZERO=1 9 RETURN ! Include leading :ero
in front of dec pt for tick-labels
3140 6ET.DATAFILE: GOSUB DATAFILE 9 SOTO BESIN
3150 S DATAFILE: SOSUB DATAFILE 9 SOTO RE.DATA
3160 PEN.SPEED: ALPHA 1 9 AHRIT HSL$ (  PEN SPEED (1-10) "Ji 1 ' 9 ALPHA 3 9 INPUT PENSPEED ! Define pen-speed for HP7470A plo
tter
3170 IF PENSPEEDd OR PENSPEEDM0 THEN SOSUB BAD INPUT § SOTO PEN SPEED
3180 IF PENSPEED=10 THEN SPEED$="VS" ! fast + lax. acceleration
3190 IF PENSPEEDUO THEN SPEEM="VS'IVAL$ (INT (38.UPENSPEED/10))
3200 SOTO BESIN
3210 !
3220 STARTPLOT: NN=0 9 LDIR 0 9 PRINTER IS Pr<2) ! Re-entry line frot CONT 1
3230 PLOTDATA: OFF KEY! 9 OFF KYBD § OFF ERROR § N,Isochron,Pbpb=0 § !I,K=1
3240 RE.DATA: ALPHA 1 9 CLEAR § ALPHA 18-2tCRT,27 9 A«RIT 'press 'iH6L$ C CTRL H ')»  for help' 9 OFF KYBD
3250 IF CRT THEN ALPHA 18,27 § A«RIT 'press *iHBL$ (  CTRL D  )*" for hard-plotter duap"
3260 ALPHA 21,25 9 A«RIT 'PRESS ANY KEY FOR KEYBOARD-SYMBOL' 9 OFF CURSOR 9 PEN 0 9 SETUU 9 MOVE XMIN,YHAX 9 Kb=0
3270 REDIM X(MAXNUM},Y(HAXNUM)



3280 ON KEY* 1,' OPEN Ebo*" GOTO OEbo*
3290 ON KEY* 2," OPEN Eell" SOTO OEeli
3300 ON KEY* 3," PQLY6QN" SQTO Poly
3310 ON KEY* 4,' ERRCROSS* SOTO ERRCross
3320 IF CRT THEN ON KEY* 5,'PRINT PLOT" SOTO PRINT PLOT
3330 IF HP THEN ON KEY* 5," SOSUfl RETRN
3340 IF NN>1 THEN ON KEY* 6, 1 YORKFIT" SOTO Yorkfit
3350 IF NN<2 THEN ON KEY* 6," SOSUfl RETRN
3360 ON KEY* 7,* OPTIONS ' SOTO OPTIONS
3370 ON KEY* 8,"SOLID Ebox" SOTO SEbox
3380 ON KEY* 9,'SOLID EelP SOTO SEell
3390 ON KEY* 10," LETTER" SOTO LETTER
3400 ON KEY* 11,' PEN 1" 60SUB PEN.l
3410 IF HP THEN ON KEY* 12,' PEN 2" SOSUB PEN_2
3420 IF CRT THEN ON KEY* 12,"ERASE PEN* BOSUB ERASE.PEN
3430 ON KEY* 13," DATAFILE" 60TO S.DATAFILE   ,
3440 ON KEY* 14," REDRAW" SOTO RED~RAH
3450 ON KYBD KY,ALLKEY$ 60TO KYBRD
3460 PLABEL: KEY LABEL
3470 SOTO 3470
3480 f
3490 i Select pen*! (PEN_1) or pen*2 IPEN.2) of HP-7470A plotter
3500 PEN.l: CPEN=1 § ALPHA 1 ? DISP H6L$ I 1 PEN 1 ") 9 OFF CURSOR 9 RETURN
3510 PEN 2: CP£N=2 9 ALPHA 1 ? DISP H6L$ (" PEN 2 ") 9 OFF CURSOR 9 RETURN
3520 !
3530 ERASE.PEN: CPEN=-1 9 ALPHA 1 9 DISP H6L$ <  ERASINS PEN ") 9 RETURN
3540 OEbos: SYMBOL*! $ ALPHA I 9 CLEAR 9 DISP HBLf (' OPEN ERROR-BOX SYMBOL ") 9 SOTO INPUT_DATA
3550 SEbos: SYHBOL=-1 9 ALPHA 1 9 CLEAR ? DISP H6L* (" SOLID ERROR-BOX SYHBOL  ) 9 BOTO INPUT.DATA
3560 OEell: SYMBOLS 9 ALPHA 1 9 CLEAR 9 DISP H6L$ i 1 OPEN ERROR-ELLIPSE SYHBOL ") 9 BOTO INPUT.DATA
3570 SEell: SYHBOL=-2 9 ALPHA 1 9 CLEAR ? DISP HBL$ (" SOLID ERROR-ELLIPSE SYWflOL ") ? SOTO INPUT.DATA
3580 ERRCross: SYNBOLM ? ALPHA I § CLEAR 9 DISP HBL$ (" ERROR-CROSS SYMBOL  ) ? BOTO INPUT DATA
3590 !
3600 Polv: SYMBOLS 9 ALPHA 1 9 CLEAR § DISP HBLI (' POLYBON SYHBOL  )
3610 DISP 9 DISP "* SIDES (- for star), [OPEN/SOLID (0/1) [.SIZE (1-5) [.ROTATION 10-360)333";$ BOSUB RETRIEVE
3620 IF Ninputs<l THEN BOSUB BAD.IKPUT 9 SOTO 3610
3630 POLYSIDES=OU)
3640 IF Ninputs)! AND 0(2)=1 THEN SOLI»=1 ELSE SOLID=0
3650 IF Ninputs>2 THEN POLYSIZE=0(3) ELSE POLYSIZE=2.5
3660 IF Ninputs>3 THEN POLYROT=0(4) ELSE POLYROT=90+(POLYSIDES/2=INT (POLYSIDES/2))*(180/POLYSIDES-90)
3670 SOTO INPUT.DATA
3680 !
3690 KYBRD: OFF KYBD ! Keyboard-key depressed
3700 IF KY=40 OR KY=8 THEN HELP2 ! CTRL-H key
3710 IF KY=36 OR KY*4 THEN DUMP.TO.PLOTTER ! CTRL-D key
3720 IF KY<32 OR KY>122 THEN BOSUB CLUNK § BOTO PLABEL
3730 IF KY=19 THEN SOLID.LINEM ? ALPHA 1 9 DISP HBL$ (" USE SOLID LINE FOR YORKFIT LINES ") 9 BEEP 9 BOTO PLABEL ! CTRL S k
ey
3740 CLEAR 9 SYMBOLS 9 OFF KYflD 9 ALPHA 1 9 CLEAR 9 KEY$=UPC$ (CHR$ (KY)) 9 DISP HBL$ (" PLOTTIN6-SYHBOL IS ")iH6L$ (KEY$i" B ) 9 6
OTO INPUT DATA
3750 !
3760 !
3770 INPUT.DATA: OFF CURSOR ? OFF KEY* 9 OFF KYBD 9 ALPHA 3 9 DISP EA$iEB$
3780 IF DFI'LE THEN DISP "INPUT DATAFILE SET *s AS ut SET, LAST SET-ASTERISK (e.g. 2,12* or 2 } i2;i5,i8»" § DISP
3790 SOSUB INPUT_POINTS
3800 IF IDHAXNUM THEN Edit ELSE BOTO 3790
3810 f
3820 INPUT .POINTS: XUI),Y(Il),E*UI},Ey(I!},RQ(II)=0
3830 DISP 9 DISP "WVALS til)*': ";? DISP NxOW, ["iERtt',3 ";NyO$?" £,"SER$i"3 E,"i"err-corr.3 ("iEL$4" »HEN DONE)';§ LINPUT
Ret
3840 ! If daiafile input, use coitas to separate data-sets in a continuous series, seal colons to separate individual sets or differe



nt series.
3950 ! So 2.5;7;9.14;17,29:6* indicates sets 2 thru 5 plus set 7 plus sets 9 thru 14 plus sets 17 thru 29 plus set 6.
3860 Sc=PQS (Re$,"'? )'8 IF Sc THEN R$=Re*tl,Sc-U ELSE R*=Re* ! Seiicolon?
3870 SQSUB RTR ? IF Ninputs=0 THEN Edit
3880 IF NOT POS (Re*,'!*) THEN DF=0 § SOSUB KEYBOARD INPUT § RETURN
3890 IF DFILE THEN DF*1 ELSE SQSUB CLUNK * DISP * DISP "l« NO DATAFILE IN HEMORY W 9 60TO 3790
3900 IF Ninputs=l THEN S1,S2=0(1) ELSE S1=Q(1) § S2=Q(2) ! 1st, last datafile setts in a series
3910 DISP 'SETI";TAB (27);NxO$;TAB <38);ER$;TAB (51);NyO$;TAB (62);ER*;TAB <73);'RHO' 9 DISP
3920 !
3930 FOR ID=S1 TO S2 ! Transfer datafile sets to plotting arraySdisplay
3940 XUI}=S(ID,1) 9 ExUI)=S(ID,2} 9 Y(II)=S(ID,3) 9 Ey(II)=SUD,4) 9 RO<II)=SIID,5) 9 IF WI)tY(II)=0 THEN 3970
3950 DISP II;TAB (6);N$(IDJ;TAB (26};WI);TAB <37);ExUI};TAB (50);YUI);TAB (61);EyUI);TAB (69);ROiII) 9 SOSUB 4050
3960 IF II=ttAXNUH THEN Edit
3970 NEXT ID
3980 DISP 9 IF Sc THEN Ref=Rettl+ScJ 9 60TO 3860 ELSE RETURN ! Respond to ;
3990 i
4000 KEYBOARD.INPUT: Kb=i ! Set typed-in data
4010 IF Ninputs<2 OR Ninputs=3 OR Ninputs>5 THEN SOSUB BAD.INPUT 9 GOTO 3830
4020 IF Ninputs=2 THEN X(II)=0(1) 9 Y(ID=0(2) 9 80TO 4050
4030 IF Ninputs>3 THEN X(II)=0<1) 9 Ex(II}=0(2) 9 Y(ID=Q(3) 9 EyUI)=0(4)
4040 IF Ninputs=5 THEN ROUI)=0<5)
4050 IF XUIW(II)=0 THEN SOSUB CLUNK 9 DISP 9 DISP HSL* (  »« SETI »!fVAL$ (Il)lt' -NONZERO INPUT REQUIRED *»J ') 9 DISP 9 DIS
P 9 RETURN
4060 IF PERCENT THEN Ex=Ex(IIJ 9 Ey=EyUI) ELSE Ex=£x(II}/X(II) 9 Ey=Ey(II)/Y(II)
4070 IF ABS (R0<!!))<= TAND ExA2fEyA2>= 2tRO(II)IExtEy THEN 11=II+1 8 N=N*1 ? RETURN
4080 SOSUB CLUNK 9 DISP 9 DISP HBL« <" W» ERROR-CORREL. OF 'WAL* (RO(II))i' IS NOT POSSIBLE tW ") 9 RETURN
4090 !
4100 Edit: IF Kb=0 THEN 4120 ELSE CLEAR 9 DISP iSETi»;TAB (8);NxO$;TAB (20);ER*;TAB (40);NyO$;TAB (52);ER$;TAB i62}; i Rho" 9 DISP
4110 FOR I=K TO N 9 DISP I;TAB (8);X(I);TAB (20);Ex(I);TAB (40);Y(I};TAB <52};Ey(I)}TAB (60};RO(I} 9 NEXT I 9 DIBP
4120 IF Kb=0 AND DF AND Sc THEN PLOTT
4130 IF ABS (SYHBOLJ=3 OR SYMBOLS THEN 4230 ELSE Ninputs,A=0
4140 FOR I=K TO N 9 A=A+(Ex{I}»Ey(I)=0) 9 NEXT I
4150 IF A=0 THEN 4230
4160 DISP 'X-'iERtt", Y-n 4ER$i' [, Err.-Corr.l FOR SETS HITH UNASSIBNED OR ZERO ERRORS";
4170 SOSUB RETRIEVE § IF Ninputs<2 THEN SOSUB BADJNPUT 9 SOTQ 4160
4180 FOR I=K TO N
4190 IF Ninputs=3 AND RO(I)=0 THEN RO(I>=0(3)
4200 IF Ex(D=0 THEN Ex(I)=0(l)
4210 IF EyUJ=0 THEN Ey(I)=0(2>
4220 NEXT I § 60TO Edit
4230 IF Kb=0 THEN PLOTT ! Don't ask for corrections if only datafile data
4240 DISP 9 DISP "SET TO BE CORRECTED? ("tfLtt 1 IF OK)";
4250 SQSUB RETRIEVE 9 1=0(1) § IF 1=0 THEN PLOTT ELSE I1=1 9 SQSUB INPUT POINTS 9 N=N-1 9 SOTO Edit
4260 !
4270 ERRORJOX: ! Draw error-rectangle about data-point
4280 A=.36/Xu/PP § B=.36/Y«i/PP ' UU's per .36n OR .IBn
4290 FOR J=0 TO 100fl*(SYHBOL<0)
4300 K=J*A-ABS (XERR(D) 9 L=J*B-ABS <YERR<D) 9 IF K>= A OR L>= B THEN 4340
4310 CLIP XU)tK,X(!)-K,Ya)*L,Y(I)-L § FRAME
4320 HOVE X(!},¥<!) § IF SYHBOL>0 THES 4330
4330 NEXT J
4340 CLIP XHIN,XHAX,YHIN,YMAX § RETURN
4350 !
4360 ERROR_CROSS: ! Draw error-cross through data-point
4370 IPLQT O.YERRU) 9 IPLOT 0,-<2IYERR(I})
4380 IHOVE -XERRU},YERR<I) 9 IPLOT 2tXERR(I),0,-l § RETURN
4390 !
4400 ERRQR_ELLIPSE: ! Draw error-ellipse about data-point
4410 IF XERRmtYERRfl) THEN XE=XERR(D ELSE XE=XERR(I)I1.0001
4420 IF ROUJfl THEN R=RO(I) ELSE R=.9999999



4430 AN6LE=.5tATN <2tRiXEIYERRm/(XEA2-YERRmA2))
4440 ! ANGLE is an angle that the axis of the ellipse takes with the X-axis
4450 Cl=2tU-RA2W.224A2 * C2=1/CQS (2IAN6LE)
4460 Vx=XEA2 * Vv=YERR(I) A2
4470 A=SQR (Cl/((H-C2)/V*+U-C2)/Vy)) ! Length of lajor axis of ellipse
4480 B=SQR (Cl/Ul-C2)/Vx+a+C2)/Vy}} ! Length of iinor axis of ellipse
4490 St=A/INT (A/(Xspred/800)+l) ! Step-size along X-axis
4500 St=A/INT (A/St+.OOOl) ! force step to divide evenly
4510 SIN.AN6LE=SIN (AN6LE) 9 COS_AN6LE=CQS (ANSLE)
4520 FOR K=l TO -1 STEP -2
4530 FOR X=KtA TO -(KtA)-KtSt STEP -(KlSt)
4540 IF (K»l)l(X<-<Ali.001)) OR (K=-l)IU>Atl.001> THEN 4600
4550 Z=i-(X/A> A2 ? IF Z>= 0 THEN Y=K$BtSQR (Z) ELSE Y=0
4560 RPLOT X*COS_AN6LE-YtSIN_AN6LE,XtSIN_AN6LE+YtCQS_AN6LE
4570 IF SYHBOL<0 THEN K=-K ? RPLOT HCOS_AN6LE+YtSIN_AN6LE,XtSIN_AN6LE-Y*COS_ANSLE
4580 NEXT X
4590 IF SYHBOL<0 THEN RETURN
4600 NEXT K
4610 RETURN
4620 i
4630 POLYGON: SET6U ! Draw open or filled polygon or star syibol
4640 IF PLOTTER.DUHP THEN PQLYSIDES=SYMBOL(JJ,2) 9 SQLID=SYHBOL<JJ,3) § PQLYSIZE=SYHBOL<JJ,4) 9 PGLYRQT=SYHBOL(JJ,5)
4650 FOR A=0 TO (HP AND SLD=0 AND POLYSIDES>0 AND POLYSIZE>3>+50tSQLID
4660 B*PSt(POLYSIZE-A/2)tPP § S=360/ABS (PQLYSIDES) 9 E=.5-(ABS (PQLYSIDES)=3}/5
4670 IF B<0 THEN SETUU § RETURN
4680 FOR J*POLYROT TO POLYROT+360 STEP S
4690 RPLOT BtCOS (JUtSIN (J)
4700 IF POLYSIDES<0 THEN C=J+S/2 9 RPLOT EtBtCOS (C),EtBtSIN (C)
4710 NEXT J
4720 NEXT A
4730 SETUU § RETURN
4740 !
4750 KEYBOARD.SYHBQL: IF PLOTTER.DUHP THEN KEY$=CHR$ (SYMBOL(JJ,2))
4760 IF <&*='+' THEN 8=1.5 9 OARtCRT+HP/2 ELSE B=0 8 C=l
4770 IF KEY**"!' THEN C=CRT+.6tHP
4780 LOR6 5 » CSIZE 3.5-HP+1.5tSLD+B,C,0 § LABEL KEY$ S RETURN
4790 !
4800 PLOTT: PEN OPEN ? C.RO^CURSROM ! Drait data-point syibols
4810 FOR I=K TO N
4820 IF HP THEN ALPHA C_RQM 9 DISP I:TAB (10);X(I);TAB (20);Y(I) § OFF CURSOR § BOTO 4870 ELSE C_CT=UC_CT
4830 CACHE(C_CT,1}=XU) § CACHE(C.CT,2}=Exa) 9 CACHE(C_CT,3)=Y(D § CACHE(C_CT,4}=Ey(I) § CACHE(C_CT,5)=80(I} § SYHBOL(C_CT 
,1)=SYHBOL
4840 IF SYHBOL=3 THEN SYHBOL(C_CT,2)=POLYSIDES 9 SYMBOLiC^CT,3)=SOLID § SYHBOL(C.CT,4)=POLYSIZE 9 SYHBOL(C_CT,5}=PQLYROT
4850 IF SYHBOLI3 AND SYHBOLI5 THEN SY«BOL(C.CT,1)=SYMBOL
4860 IF SYHBOL=5 THEN SYMBOL(C_CT,2)=KY
4870 IF PERCENT THEN XERRU}=x"(WExU>/100 9 YERR(I)=Y(I)*Ey(I}/100
4880 IF PERCENT^ THEN XERR<I)=£j(I} 9 YERR(I)=Eya)
4890 IF XdXXHIN OR YdXYHIN OR X(I/>XHAX OR Y(I)>YHAX THEN 4920
4900 HOVE X(I),Y(I)
4910 ON ABS (SYH8QL} 6QSUB ERRQR.BQX ,ERRQR.ELL1PSE ,POLYBON ,ERROR CROSS ,KEYBOARD SYHBOL
4920 NEXT I
4930 IF PLOTTER_DU«P=0 THEN HOVE XHIN,YHAX
4940 IF HP=1 AND PLOTTER DUHP=0 THEN PEN 0
4950 IF PLOTTER.DUHP THEN RETURN
4960 !
4970 ADD: CLEAR § IF CRT THEN ALPHA 9 DISP 'PRESS "*H6L$ C A/S ')&' TO VIEH PLOT- 
4980 NN=N 9 DISP 9 DISP 'PRESS "&H6L$ <  RETAIN ')*' TO INCLUDE THESE POINTS «ITH OTHERS FOR A YORKFIT. 1 9 DISP 
4990 DISP 'PRESS 'iH6L$ I" CONTINUE')*1 TO CONTINUE.' 9 DISP 
5000 IF N>1 THEN DISP 'PRESS '«tHBL$ C YORKFIT ')i' FOR YORKFIT. ' 
5010 i



5020 60SUB CLEARKEY 
5050 ON KEYI 4,  HELP" GOTO HELP4 
5060 IF NN>1 THEN ON KEYI 5," YORKFIT" BOTO Yorkfit 
5070 IF NN<2 THEN ON KEYI 5, fi BOSUB RETRN 
5080 ON KEYI 6," RETAIN 1 GOTO RETAIN 
5090 ON KEYI 7,  CONTINUE 1 GOTO PLOTDATA 
5170 OFF CURSOR * KEY LABEL 
5180 ON KYBD KY,ALLKEY$ 60SUB RETRN 
5190 GOTO 5190 
5200 !
5210 RETAIN: OFF KEYI 9 OFF KYBD 9 II,K=N+1 * GOTO RE.DATA ! Add next points to existing sequence 
5220 OPTIONS: CLEAR 9 60SUB CLEARKEY
5230 IF CRT THEN ON KEYI 1,'PRINT PLOT' GOTO PRINT.PLOT 
5240 IF HP THEN ON KEYI 1," 60SUB RETRN 
5250 ON KEYI 2,'ABS ERRORS* 60SUB ABS.ERRS 
5260 ON KEYI 3," Z ERRORS* 60SUB PERCENT JRRS 
5270 ON KEYI 4,"1-SI6 ERRS' 60SUB ONE.SIG 
5280 ON KEYI 5,'2-SIB ERRS' 60SUB THO.SIG 
5290 ON KEYI 7,' ESCAPE' GOTO RE.DATA 
5300 ON KEYI 6,"STORE PLOT" SOSUB STORE_PLOT 
5340 ON KEYI 11," HELP 1 GOTO HELP3 
5370 ON KEYI 14,* POLYFIT' GOTO REGRESS 
5380 ON KYBD KY,ALLKEY* 60SUB RETRN 
5390 KEY LABEL 
5400 GOTO 5400 
5410 !
5420 ABS.ERRS: PERCENT=0 9 EB*=" ABS.-ERRORS" 9 DISP £B$ * BEEP * ER$="err" 9 GOTO KRETSN 
5430 PERCENT.ERRS: PERCENT=1 * EB$=' Z-ERRORS" 9 DISP EB$ 9 BEEP 9 ER$="Zerr" 9 GOTO KRETRN 
5440 ONE.SIG:" S1S=1 9 BEEP 9 EA$="1-SI6HA* 9 DISP EA$&" ERRORS' 9 GOTO KRETRN 
5450 TOOJIG: SI6=2 9 BEEP 9 EA$="2-SI6HA" 9 DISP EA$i" ERRORS' 9 GOTO KRETRN
5460 STORE.PLOT: DISP 'FILE-NAME FOR THIS PLOT";? INPUT FILEtt GSTORE FILE* 9 DISP 9 DISP "GRAPHICS-FILE "&FILEI&"' STORED." 9 DISP 
9 GOTO KRETRN 

5470 ! 
5480 !
5490! mmmmmmmtmmmmtmsmmmmmmmsmmttm
5500 Yorkfit: ! LINE-FITTING ALGORITHM MODIFIED FROH D. YORK, EPSL V. 5, P. 320-324. 1969
5510! mmmmsmttmmmmtmmmmmmmttmstmmmm
5520 !
5530 OFF KYBD 9 OFF KEYI 9 IF N>MAXYOR THEN BOSUB CLUNK 9 DISP "<";HAXYOR;"POINTS FOR YQRKFIT' 9 WAIT 2000 8 GOTO RE.DATA
5540 OFF KEYI 9 N=NN 9 XERR,YERR=0 9 CLEAR 9 DISP "YORKFIT:' 9 DISP
5550 ! CHECK FOR UNASSIGNED ERRORS * ERROR-CORRELATIONS
5560 A,B,RHQ=0 9 FOR 1=1 TO N § A=A+(Ex(I}tEv(I)=0) 9 B=B+(RO(I)=0> 9 NEXT I
5570 IF A=0 AND 8=0 THEN 5720
5580 IF A=0 OR B>0 THEN 5610
5590 CLEAR * DISP "ZX-ERRS. ZY-ERRS FOR SAHPLES WITH UNASSIGNED OR ZERO ERRORS'; 9 GOSUB RETRIEVE ? IF Ninputs=0 THEN SOSUB BAD IN
PUT 9 GOTO 5590
5600 XERR=Qti) 9 YERR=0«2WO(2)*0)+Q<i)t<0<2}=0) 9 GOTO 5660
5610 IF A=0 OR B=0 THEN 5640
5620 DISP "ZX-ERRS, ZY-ERRS E,ERR-CORRS3 FOR SAHPLES HITH UNASSIGNED OR ZERO VALUES';? GOSUB RETRIEVE 9 IF Ninputs=0 THEN GOSUB B
AD.INPUT 9 GOTO 5620
5630 XERR=OU} 9 YE8R=0(2>t(0(2)IO}+Om*<0<2>=0) 9 RHO=0(3) 9 GOTO 5660
5640 DISP 'ERR-CORRS FOR SAHPLES WITH UNASSISNED OR ZERO VALUES i'VELW IF ZERO)";
5650 GOSUB RETRIEVE 9 RHO=0(1) 9 IF ABS (RHO»1 THEN 6QSUB BAD INPUT 9 GOTO 5640
5660 FOR 1=1 TO N
5670 IF Ex (I) =0 THEN Ex(I)=XERR § XERRU>=!(ERRt(PERCENTt](U}/100+<PERCENT=0}}
5680 IF EyU)=0 THEN Ey(I)=YERR 9 YERR(I}=YERRt(PERCENTtYU)/100+iPERCENT=0}}
5690 IF ROU)=0 THEN RO(I)=RHO
5700 NEXT I
5710 !
5720 ! Detenine if isochron data by looking for isotope Is in X & Y naaes



5730 DATA 87,86,87,86,143,144,147,144,206,204,238,204,207,204,235,204,208,204,232,204,207,204,206,204,207,206,204,206
5740 RESTORE 5730
5750 FOR 1=1 TO 7
5760 HAT READ ISOTOPE
5770 A=POS (Ny$,VAL$ USOTQPEUmtPOS (Ny$,VAL$ (ISOTOPE(2)})*POS (Nx$,VAL$ (ISOTOPES)))IPOS (Nx$,VAL$ (ISOTOPE(4)))
5780 IF A AND I<= 5 THEN Isochronal ! Type of std isochron (Rb-Sr,Si/Nd...)
5790 IF A AND I>= 6 THEN Pbpb=I-5 ! Norial or inverse Pb-Pb isochron
5800 NEXT I
5810 !
5820 IF PR=2 THEN DISP 'NAHE FOR THIS YORKFIT";* INPUT Naie$[l,50J
5830 PRINTER IS Pr(2) * CLEAR
5840 PRINT RPT$ ("* i ,30}&"YORKFIT"iRPT$ IT,30)
5850 IF PR=2 THEN PRINT Naie$ ELSE PRINT
5860 PRINT * PRINT TAB {25);EA*&EB*
5870 PRINT 'SETfjTAB (9>;NxO$;TAB I23);ER*;TAB (34>j»yO*;TAB I47);ER$;TAB (61);»Err-Correl. i g PRINT
5880 REDIH X(N),Y(N),Z(N},T1(N},T2(N),U(N},V(N),U2(N),V2(N),UV(N),Z2(N)
5890 Ok=0 $ Slope=.i ! Ok Retains zero until a iodel-1 fit is obtained
5900 H=i g ITERHAX=15 ! Hodel-nutver, Haxi of iterations
5910 H3 COUNT=0 ! HQDEL-3 ITERATION COUNTER
5920 H5=0 ! Don't use Hodel-5.
5930 SlopeO=Slope
5940 Iteration=0 ! Iteration-counter
5950 Slope=SlopeO
5960 Iteration=H-Iteration
5970 IF IterationMTERHAX AND «I5 THEN Fail
5980 IF Iteration)ITERHAX AND H=5 THEN PRINT 'UNCONVER6ED HODEL-5 FIT" g 60TO 6440
5990 IF Iteration)! AND H=l THEN 6260
dOOO FOR 1=1 TO N
dOlO IF fl=l THEN PRINT I;TAfl C8);X(I),TAB {22);Ex(I);TAB (33);Y(I);TAB (46);Eya);TAB I60);RO(I) ? SOTO 6200
6020 I
d030 ! Hodel-2 tttinq: Equal Mts, uncorrell. error Uiplies knotting nothing about the cause of scatter).
6040 IF H=2 THEN X_»TU)=1 $ Y_«TII)=l/SlopeA2 ? RU)=0 $ SOTO 6230
d050 IF HI3 THEN 6l"lO
6060 !
6070 ! Hodel-3 Weighting - anal. errors+init.-Y variation (Iiplies scatter is due to analytical error plus a anally-distributed v
ariation i initial-Y)
d080 T={YERRII}/SIB} A2
d090 RiI)=ROmtSQR (T/(T+Siq_Y_Init A2)) ? Y_«TII)=l/(T+Sig_Y_Init A 2} 9 60TO 6230
6100 !
dllO ! HODEL-5 HEI6HTIN6 - USE OBSERVED X- i Y-RESIDUALS TO ESTIHATE X- AND Y-ERRORS OF EACH POINT i ASSUME ZERO ERROR-CORRELATION
6120 Xres=-(SlopelZm/X_«Tm>Unter+SlDpe>Xm-Y{I}})
6130 ¥res=Zm/Y HTmxInter+SlopeHUJ-Yil}}
6140 ! IF RESIDUAL IS WITHIN .3-SI6HA(ANAL.), USE ANAL. ERROR
6150 A=l/XresA2 & IF AUWHTU) THEN X_«TU)=A ELSE X_«T(I)=X»ITa}
6160 A=l/YresA2 & IF AdllYHTII) THEN Y_«TII)=A ELSE Y.«TII)=Y«T{I)
6170 R(I)=0 & 60TO 6230
6180 !
6190 ! Hodel-1 weighting - analytical errs, only {York's original)
6200 Y_«TU},Y«ni>=(SI6/YERR(I}} A2
6210 X_«T(I),XKTII)=(SIB/XERRU)} A2 § R(I)=RO(I)
6220 !
6230 A(I)=SQR iX_»TiI)tY_»T{I)>
6240 NEXT I
6250 IF H=l AND Iteration=l THEN CJO»=CURSRO« +1 ? ALPHA C_RO« ? A«RIT RPT$ (" %80>
6260 FOR 1=1 TO N
6270 Z(I}=X_»TU}tY_»T{I)/ISlDpeA2»Y.»ITiI}+X_«TII}-2tSlDpe*RU}>A(I}}
6280 NEXT I
6290 C1=SUH (Z) ? HAT T1=Z.X$ HAT T2=Z.Y
6300 Xbar=SUH (TD/C1 § Ybar=SUH (T2J/C1
6310 C2,D,E=0



6320 MAT U=< -Xbar)+X$ MAT V=( -YbarW* HAT U2=U.US MAT V2=V.V
6330 WAT 12*1.19 MAT UV=U.V
6340 FOR I=i TO N
6350 C2=C2+{U2(I)/Y HTII)-V2U)/X «T(IWZ2U)
6360 D=D+(UV(I}/XJiTll}-R(I)tU2m/A(imZ2U}
6370 E=E+<UV(I}/Y~ilT(I}-RU>tV2(I}/A(I})tZ2(I}
6380 NEXT I
6390 SlopeO=C2A2+4»D»E
6400 IF SlopeO<0 THEN Fail
6410 SlopeO=(SQR (SlopeO)-C2)/(2tD)
6420 ALPHA CJOH 9 AHRIT "HODEL 'iVAL$ <M>Jf': Iteration "iVAL* (Iteration)*" Slope= "iVAL$ (SlopeO)
6430 IF A8S <(SlopeO-Slope)/SlopeO)).0001 THEN 5950
6440 Slope(M),Slope=SlopeO 9 Inter<M),Inter=Ybar-Slope*Xbar
6450 IF M=3 THEN M3_COUNT=UM3_COUNT e
6460 IF M=3 AND M3_COUNT>30 THEN Fail
6470 !
6480 ! Error algorithm of Titterington i Halliday, Chei 8eol v 26, p 183
6490 D,E,SUNS=0
6500 FOR 1=1 TO N
6510 Y=Y(I>-Slope*X(I}-Inter e SUMS=SUMS+Z(WYA2
6520 X=XU)-Z(I)W<R(I}*A(I}-SlopetYJiT(I})/(Y_»iTU}tXJ»T(I>>
6530 D=D+X*Z(I) § E=E+XA2*Z(I>
6540 NEXT I
6550 !
6560 V=«-2 ! Deqrees of freedoi
6570 «SWD=(V<> 0)tSUt1S/!yHV=0)) ! Mean square of weighted deviates
6580 IF m OR ABS (HSWD-1K.01 THEN 6610
6590 Siq_Y_InitsSig_Y_Init*S8R (HStfD) ! Estiiated variation in initial ratio required to account for scatter
6600 ALPHAS ROW § A«RIT "Try »iVAL$ («3_COUNm': «S«D= § iVAL$ (FNDr(«SHD,3)}i § for init-Y var. of "fcVAL$ (FNDr(2*Si9_Y.Init,3)
} 9 6DTO 5940
6610 St_t=M2W2.7+(V>mi.96»V/SfiR <VA2-2.43M1.696) ! Student's-t approxiuation (froi Andy Turek)
6620 ErrSl_APr=Cl/(E*Cl-DA2) 9 IF ErrSl APr>0 THEN ErrSl APr=SQR (ErrSl APr) ELSE ErrSl_APr=0
6630 ErrInt.APr=ErrSl_APr*SQR <E/C1)
6640 ErrInt_IncSc=ErrInt.APrtSQR <«S«D) 9 IF H=i THEN Sig_Y Init=ErrInt_IncSc
6650 ErrSl.IncSc=ErrSl_APr«SBR (MSHD)
6660 DISP
6670 IF «>1 THEN YORKPRINT
6680 !
6690 IF SUMS>80 THEN Prob=0 § 60TD YQRKPRINT
6700 D,A=1 ! Calculate chi-square probability
6710 IF INT (V/2)=V/2 THEN 6730
6720 FOR 1=2 TO 2000 STEP 2 ! V odd
6730 D=D!SUHS/(V+I) § A=A+D 9 IF D<.000001 THEN 6750
6740 NEXT 1
6750 D=SQR (PI )
6760 FOR I*. 5 TO V/2 9 0=D$I 9 NEXT I
6770 Prob=l-EXP (-iSU«S/2))$(SUHS/2) A (V/2»A/D 9 60TO YORKPRINT
6780 FOR 1=1 TO V/2-1 * D=DtSUHS/<2tI) § A=A+D 9 NEXT I ! V even
6790 Prob=ftlEXP HSUWS/2))
6800 !
6810 YORKPRINT: FOR Pr=l TO PR
6820 PRINTER IS Pr(Pr) 9 IF Pr=l THEN CLEAR
6830 ON H 60TO 6340,6880,6860,6830,6900
6840 PRINT RPTI ("- § ,80) 9 PRINT "MMQDEL 1 SOLUTION - ASSUMES ALL SCATTER DUE TO ANALYTICAL ERROR!*" 9 Ok=l
6850 IF Prob>.15 THEN ErrslU)=1.96tErrSl_APr 9 Errint(l)=1.96tErrInt_APr 9 60TO 6920 ELSE BOTO 6910
6860 PRINT "«W«HI1fl&EL 3 SOLUTION - ASSUMES SCATTER IS DUE TO ANALYTICAL ERROR* 9 PRINT 'IIWtPLUS NORMALLY-DISTRIBUTED ERROR
IN INITIAL "?Ny$;"WW

6870 PRINT § PRINT CALCULATED VARIATION IN INITIAL ';NY$;"=";FNDr(2*Sig_Y_!nit,3);" (2-SISHA)* 9 60TO 6910 
6880 PRINT § PRINT "WIWWMODEL 2 SOLUTION - EQUALLY HEI6HTED POINTS »ITH UNCORRELATED" 
6890 PRINT 'lUnUUUUnitttERRORS; ASSUMES NORMAL DISTRIBUTION OF RESIDOALSUW 9 SOTO 6910



6900 PRINT 9 PRINT "HMODEL 5 SOLUTION - POINTS WEIGHTED BY OBSERVED SCATTER FROM BEST-FIT LINEH"
6910 Errsl(M)=St_ttErrSl_IncSc 9 Errint<«)=St_t*ErrInt IncSc
6920 PRINT * PRINT TAB <33);"SLOPE";TAB (57);"INTERCEPT" * PRINT TAB (33);"  ";TAB (57);"     " 9 PRINT
6930 PRINT "BEST-FIT:";TAB <3i);FNDr<Slope,6>;TA8 {56};FHDrUnter,6) 9 PRINT RPT* ("-",80)
6940 IF M=l THEN PRINT "ERROR (1-SI6MA, A PRIORI) ";TAB (31);FNDMErrSl APr,4);TAB <56);FNDr(ErrInt APr,4) § PRINT
6950 PRINT "ERROR I1-SI6HA, FROM SCATTER) ';TAB (31);FNDr(ErrSl_IncSc,4)~;TAB (56);FNDr(ErrInt_IncSc~4> 9 PRINT
6960 PRINT "ERROR (952 CONFIDENCE LIMITS)";TAfl <31);FNDr<Errsl<M),4);TAB (56);FNDr(Errint<M),4) 8 PRINT
6970 PRINT "COORDINATES OF CENTROID: X=";FMDr(Ibar,6); i Y=';FNDr(Ybar,6)
6980 IF H>1 THEN 7010
6990 PRINT 9 PRINT "ANALYTICAL ERRORS ALONE KILL CAUSE THE OBSERVED AMOUNT OF SCATTER"
7000 PRINT "OR MORE ";VAL$ (FNDr(100tProb,2));"Z OF THE TIME, AS INDICATED BY THE H.S.H.D. OF";FNDr(HSHD,3)
7010 PRINT RPT$ ('-",80) 9 PRINT
7020 NEXT Pr
7030 C_ROH=CURSROH
7040 IF M5=0 AND M=l AND Prob<= .2 THEN H=2+<IsodronX» 9 Sig_Y_Init=ErrInt_IncSc 9 ANRIT RPT* (" %80) 9 AKRIT "MODEL "&VAL* |M)&"
YORKFIT..." 9 6QTO 5940

7050 CHOOSE.MODEL: IF M>1 THEN SISP 9 DISP "PRESS KEY TQ CHOOSE MODEL-i QR MODEL-'iVAL* (M)i" SOLUTION." ? DISP » DISP ? SOSUB CLEAR 
KEY ELSE 7190
7060 ON KEYI 6," MODEL-1" 60TO 7160 
7070 ON KEY! 7," MODEL-'iVAL* IN) GOTO 7170 
7110 ON KEYI 4," HELP" GOTO HELPS 
7130 ON KYBD KY.ALLKEY* 60SUB RETRN 
7140 KEY LABEL 
7150 GOTO 7150
7160 OFF KEYI ? M=i 0 GOTO 7190 
7170 OFF KEYI » GOTO 7190 
7180 !
7190 Slope=Slope(M) 9 Inter=Inter (M) 9 Errsl=ErrsKM) % Errint=ErrinUM) 9 OFF KYBD 
7200 ON 1+Pbpb 6QTQ 7210,7270,7260 
7210 IF Isochron=0 THEN 7410
7220 Aae=.OOOOOitL06 U+Slopei/Ldsochron) ! standard-isochron age 
7230 Age_err=.000001tErrsi/{LUsDchron)t(H-SlDpe)) 
7240 GOTO PRINT.AGE 
7250 !
7260 Slope^Inter 9 Errsl=Errint
7270 Sl=Slope 9 DISP "CALCULATING 207/206 ABE I ERRORS" 9 60SUB Pb.Pb.A6E 
7280 Age=.000001tA76 t Sl=Slope+Errsl 9 6QSUB Pb_Pb_A6E 
7290 A 1=. 000001 $A76 9 SI =S lope-Err si 9 BOSUB Pb_P~b_A~6E 
7300 A2=.000001IA76
7310 Age.err=tAK> 0)t(A2<> OJIABS «Al-ft2)/2) 
7320 !
7330 PRINT ABE: FOR Pr=l TO PR 
7340 PRINTER IS PHPr)
7350 IF Age THEN PRINT "MODEl.";M; a ISOCHRQN ABE =";FNDr(Aqe,5); 
7360 IF Age.err THEN PRINT " */-";FNDr(Age_err,3); 
7370 IF Age THEN PRINT " Ma" 8 PRINT * PRINT RPTI ("t § ,80) 
7380 NEXT Pr
7390 C*CURSRON 9 CLEAR 9 ALPHA C-4MO3) 9 ALPHA Cfl 9 OFF CURSOR 
7400 !
7410 BOSUB DRAHLINE * BEEP ? 60TO KEYS 
7420 !
7430 Fail: PRINT 9 PRINT "DATA CANNOT BE FIT TO A STRAI6HT LIKE USINB MODEL§ ;M 9 PRINT 9 PRINT 
7440 IF M=l THEN M=2+<Isochron>0) 9 GOTO 5910 
7450 IF Qk=0 THEN 60SUB CLUNK 9 60TO KEYS ELSE H=l 9 SOTQ 7190 
7460 ! 
7470 Pb.Pb.ABE: A76=0 9 IF SK.0156 Oft S1>1.9 THEN DISP 9 DISP "IW CANNOT CALCULATE AN ABE FOR 207/206=";Sl;"Wf 9 DISP 9 DISP 9
RETURN

7480 3=45000000001 (S6N (-(1/2)HS1>L(4)/(L(3)»137.88)))+(S1>.7)} 
7490 F=L(3)*EXP (St(LI3)-L(4)))/L(4) 
7500 A76=LQ6 lltiEXP (StLi3))-l-Ft(EXP (SILI4))-l))/U/<i37.88iSl}-F)}/L(4)



7510 IF ABS (A76-SK1000 THEN RETURN ELSE S=A76 9 BOTO 7490
7520 !
7530 PR1NT.PLOT: OFF KEY! ! Buap CRT-plot to printer
7540 ALPHA 1 9 CLEAR 9 ALPHA 21,36 9 DISP "HHICH PRINTER-MODEL?" 8 DISP * DISP 9 60SUB CLEARKEY
7550 ON KEYI 4,» HP-82905' BOTO 7720
7560 ON KEY! 5,' HP-2673' BOTO 7730
7600 ON KEYI 7,' ESCAPE" 80TO 7740
7690 ON KYBD KY,ALLKEY$ 60SUB RETRN
7700 KEY LABEL
7710 BOTO 7710
7720 OFF KEYI 9 PRINTER IS 701 § DUMP GRAPHICS * GOTO 7740
7730 OFF KEYI * PRINTER IS 701 9 DUHP BRAPHICS 0,0,0,1 9 BOTO 7740
7740 PRINTER IS Pr<2> 8 BDTO RE DATA \
7750 !
7760 DRAMLINE: ! Draw best-fit line, using dashed line-type
7770 NLINES=1+NLINES 8 IF CRT THEN LINE(NLINES,l)=Slope » LINE(NLINES,2)=Inter
7780 IF SQLID_LINE=0 THEN LINE TYPE 4+NLINES
7790 CLIP XmN,XHIN+.97tXspred,YHIN,YNIN+.97»Yspred
7SOO HOVE XHINJNINlSlope+Inter 9 PEN OPEN
7810 DRAM XHAX,XHAXtSlope+Inter
7820 HOVE XHIN,YNIN 9 LINE TYPE 1 8 PEN CRT
7330 CLIP XHIN,XHAX,YHIN,YHAX 8 RETURN
7840 !
7850 KEYS: IF CRT THEN OFF CURSOR 9 DISP "PRESS 'iHBLi C A/B  )*  TO VIEH PLOT ' * DISP 8 DISP 9 DISP 9 OFF CURSOR 9 60SUB CLEARKEY

7860 ON KEYI 1,' RESTART' BOTO BE6IN
7870 ON KEYI 2,'ADD POINTS' BOTO RETAIN
7880 IF CRT THEN ON KEYI 3,'PRINT PLOT' BOTO PRINT.PLOT
7900 ON KEYI 4,' HELP' GOTO HELP6
7930 ON KEYI 7,'CONTINUE' BOTO PLOTDATA
8010 ON KYBD KY.ALLKEY* GOSUB RETRN
8020 KEY LABEL
3030 BOTO 8030
8040 !
8050 LETTER: OFF KEYI 9 OFF KYBD 9 CLEAR ! Draft a phrase on the plot
8060 UNCLIP 9 SETUU 9 IF PLOTTERJUHP THEN 8100
8070 DISP 9 DISP '(PRESS 'iELtt' TO ESCAPE)" 9 DISP
8080 DISP 'CHAR.-HEIBHT (tick labels were'jFNDMTHWBf/YLQC^); 1 )^ SLANT (0-30) C, ROTATION]] 1 ;
8090 GOSUB RETRIEVE 9 IF Ninputs THEN H=Q(1) 9 SL=0(2) 9 ROT=0(3) ELSE BOTO RE.DATA
8100 PEN CPEN 9 CS=2*H*YLOC/YBi 9 H=ARtCSt(l-HP/3.1) 9 CSI2E CS,AR,SL 9 LDIR ROT
8HO IF HP THEN 8150
8120 DISP 9 DISP 'ENTER COORDINATES (X, Y) OF LOWER-LEFT CORNER OF PHRASE';
8130 60SUB RETRIEVE 9 IF Ninputs<2 THEN 6QSUB BAD.INPUT 9 BOTO 8120
8140 X=0(l) 8 Y=0(2) 9 PEN CPEN * BOTO 8170
3150 IF PLQTTERJUHP THEN 8170 ELSE DISP 9 DISP 'POSITION PEN HUH PLOTTER-CONTROLS, THEN PRESS 'iCNT* 9 PAUSE
8160 CURSOR X,Y
8170 HOVE X,Y 9 LOR6 1
8180 IF PLQTTER_DUHP=0 THEN DISP § DISP 'PHRASE TO BE DRAFTED';* LINPUT Pi
8190 L=LEN (P$) 9 SETBU 9 IF HP THEN 8230
8200 NPHRASES=1+NPHRASES 9 LETTER*<NPHRASES)=P* 9 LETTER(NPHRASES,1)=X 9 LETTER(NPHRASES,2)=Y
8210 LETTER(NPHRASES,3)=H 9 LETTER(NPHRASES,4)=SL 9 LETTER(NPHRASES,5)=RQT
8220 IF CRT AND CPEN=-1 THEN NPHRASES=NPHRASES-2
8230 IF POS (P$,'\')=0 AND POS (P$,' A ')=0 AND POS (P*,'+/-')=0 THEN LABEL P$ 9 BOTO 8310
8240 IF ROTIO THEN 60SUB CLUNK 8 DISP » DISP 'CAN'T USE \, A , OR */- SYHBOLS KITH NONZERO AN6LES." 9 DISP 9 60TD 8070
8250 FOR 1=1 TO L
3260 IF DL-2 THEN 8280
8270 IF P*[I,I+2]='+/-' THEN 60SUB PH 9 1=1+2 9 BOTO 8300
8280 A=FNR(P«I,I]) 9 IF A THEN IHOVE 0,AtCS/4 9 BOTO 8300
8290 LABEL P$CI,I] 9 IHOVE K,CS
8300 NEXT I



8310 PEN CRT 9 SETUU 9 LDIR 0 * IF PLOTTER DUMP THEN RETURN ELSE 8070
8320 !
8330 PM: IMQVE 0,.13tCS * LABEL '+" 9 IMOVE 0..62JCS 9 LABEL '-' 9 IMQVE IU.25ICS 9 RETURN ! Label +/- syabol
8340 !
,8350 DATAFILE: CLEAR 9 DISP 'NAME OF DATA-FILE TO BE RETRIEVED?'
8360 DISP 9 DISP '(to get a disk catalog, enter '&HSLS C C ')&* for drive 0, "&H6LS (" c *)&' for drive 1)'
8370 IF ALL THEN DISP 9 DISP '(press '&ELS&' for tore data froa ";FILES
8380 DISP 9 SOSUB RETRIEVE.STR
8390 IF Ninputs=0 THEN SOTO FINISH
8400 IF QS(1)="C' THEN CAT *:D700* 9 SOTO 8420
8410 IF QS(l)='c a THEN CAT ":D70r ELSE 8440
8420 DISP 9 DISP 'PRESS "&CNTS&' TO CONTINUE.* 9 PAUSE
8430 6QTO DATAFILE
8440 FILES=QS(U 9 ON ERROR SOTO HRON6FILE
8450 ASSIGN! 1 TO FILES $ ON ERROR SOTO YORVERT
8460 READI 1,1 ; NS(1),XX(>? OFF ERROR
8470 !
8480! tmmtmm RETRIEVE nX45 NUMERIC DATA-FILE RONS FROM TAPE mmm*
8490 !
8500 DISP 9 DISP 'COLUMN Is FOR X, tZXerrJ Y [,ZYerr3 [, Err-CorreH 1 ;? SOSUB RETRIEVE 9 HAT CQLN=ZER
8510 IF Ninputs=2 THEN COLN(1)=0(1) 9 COLN(3}=0(2)
8520 IF Ninputs>3 THEN COLN(1)=Q(1) 9 CQLN(2)=Q(2) § COLN(3)=Q(3) 9 COLN(4)=Q(4) 9 CQLN(5)=Q(5)
8530 IF Ninputs<2 OR Ninputs>5 OR Ninputs=3 THEN SQSUB BAD.INPUT 9 GOTO 8500
8540 CLEAR 9 PRINT "SETI';TAB (8>;'NAHE*;TAB (28);'X a ;TAB ?37);'ZErr';TAB (49);'Y";TAB (58);"IErr';TAB (70);'RHO' 9 PRINT
8550 80SUB NAHEBLANK
8560 x ON ERROR 8QTO DATAFILE.RETURN
8570 FOR 1=1 TO MAXNUM
3580 READI 1,1 ; NS(I),XX()
8590 FOR J=l TO 5
8600 IF COLN(J) THEN S(IJ}=XX(CQLN(J» ELSE S(I,J)=0
8610 NEXT J
8620 PRINT I;TAB (6);NS(I);TA8 (26);S(I,1);TAB (37)jS(I,2);TAB <47>;SU,3)?TAB (5B)jS(M)'JAB (68);S(I,5i
8630 NEXT I
8640 DATAFILE.RETURN: OFF EfiROR § DFILE=1 9 PRINT § DISP 9 DISP 'PRESS 'iCNTSi* TO CONTINUE' 9 PAUSE
8650 RETURN
8660 !
8670 YORVERT: ! Convert VISICALC files to 100X5 arrays for plotting/Yorkfit
8680 !
8690 OFF ERROR
8700 DIM VC$[243,VC(300,50),ISt203,J$E20},PARAHS<5H53
8710 DATA *X',*X-ERR','Y*,*Y-ERR',*RHQ*-

8720 RESTORE 8710 9 READ PARAMS(1),PARAHS<2),PARAHS(3},PARAMS<4>,PARAMS(5}
8730 CLEAR 9 B COL=0 * DISP "INPUT BEGINNING, ENDIN6 RON-NUMBERS CONTAINING SAMPLE-DATA*;§ SOSUB RETRIEVE
8740 IF Ninputsl2 THEN SQSUB BAD.INPUT 9 GOTO 8730 ELSE RMIN=Q(1) 9 RMAX=0(2>
8750 ALL=0 § DISP 9 DISP '(enter *&HSLS (" ALL ')&' if ALL coluans are to be converted)'
8760 DISP '(press '&EL*&* for list of coluan naies)' 9 SOSUB COLINPUT 9 GOTO 8880
8770 !
8780 COLINPUT: DISP § DISP "INPUT COLUMNS (e.g. C,D,AK...} FOR: X, [ZXerr,3 Y [,ZYerr3 C,Rho(X-Y)3: a
8790 SQSUB RETRIEVE.STR * IF POS (UPCS (QS(1}},'ALL*} THEN ALL=1 § NCOLS=45 9 CNUM,B.COL=0 9 RETURN ELSE B_COL=0
8800 IF Ninputs=0 THEN SOSUB COLUMN_NAMES § SOTO COLINPUT
8810 IF Ninputs<2 THEN SOSUB BAD.INPUT 9 SOTO COLINPUT ELSE NCQLS=Ninputs
8820 FOR 1=1 TO Ninputs
8830 IF 0*(I)='A" THEN SOSUB BAD INPUT 9 SOTO COLINPUT
8840 IF QS(I)=B B* THEN B.COL=1
8850 NEXT I
8860 CNUH=2+2»(Q$(2>r'}+(QS(5)r 11 } * RETURN
8870 !
8880 CLEAR 9 DISP 'ZEROIN6 ARRAY...' 9 MAT S=ZER * IF ALL THEN MAT VC=ZER
8890 CLEAR 9 DISP 'CONVERTIN6 VISICALC FILE....' 9 NUMVALS=0 9 DISP 9 DISP
8900 8QSUB NAMEBLANK 9 ASSIGN! 1 TO FILES * C RON=CURSRON * OFF CURSOR * SOTO 8980



8910 VC.STRINSS: READ! 1 ; VC$9 OFF ERROR 9 ALPHA C_ROU,i 9 AHRIT VC$Jt" '
8920 IF VC$tl,i3f>" THEN NEXTJ
8930 A=1+POS (VC$,V) ! String position where data starts
3940 E=NUN iVC$CA,A3) 9 IF E=34 OR E=39 THEN A=A+i ! 1st data-char.
8950 B=NUN (VC$[3,33) 9 D=NUN (VCIt2,23) 9 C=3HB>64 AND B<91) ! C is 1st rot»-l character
8960 VCROH=VAL (VC$EC3> 9 RETURN ! visiCALC row-nuaber
8970 !
3980 FOR 1=1 TO 3150 ! Read VISICALC strings
8990 ON ERROR 60TO FINISH
9000 6QSUB VC_STRINBS 9 IF VCR01KRHIN THEN FINISH
9010 IF VCRQU>RHAX THEN 60TO NEXT.I ELSE ROUN=VCRON-RHIN+1 ! Saiplet
9020 IF C=4 AND B>86 THEN NEXT I.
9030 IF C=3 THEN COLN=D-66
9040 IF C=4 THEN COLN=24+26t<D-65)+B-64
9050 IF COLN=-1 THEN L=LEN (VC$) 9 N${RO«N}[l,93=VCttA,L-13 9 ALPHA C_RO«,L+4 9 AWRIT NSiROHN)*" ' 9 60TO NEXT.I
9060 IF B CQL+COLN=0 THEN N$(ROHN)[10,i83=VC*tA,LEN (VCSJ-13 ? 60TO NOT.I
9070 IF ALL=0 THEN 9130
9080 ON ERROR 60TO 9120
9090 A=VAL (VC$[A3) 9 OFF ERROR ? VC(VCRO«,COLN)=A
9100 ALPHA C.RO«,38 9 OFF CURSOR
9110 DISP VCRO»;CDLN;A 9 OFF CURSOR
9120 OFF ERROR 9 SOTO NEXT I
9130 OFF ERROR 9 V$«VC$[2,C-13
9140 FOR PARNUH=1 TO NCOLS
9150 R,F=0 9 60SUB EXTRACT 9 IF F THEN 9170
9160 IF R THEN NEIT.I
9170 NEXT PARNUH
9180 SOTO NEXT.I
9190 !
9200 EXTRACT: ! Extract nuaeric values froi VISICALC String
9210 IF V$IO$(PARNU«) THEN F=l 9 RETURN 9 ! If not correct coluin
9220 . IF PARNUH=2 AND NCOLS=2 THEN COLN=3 ELSE COLN=PARNUM
9230 ON ERROR SOTO 9270
9240 A=VAL (VC$[A3) 9 OFF ERROR 9 S(RQ«N,COLN)=A 9 R=l
9250 ALPHA C.ROH,38 9 OFF CURSOR
9260 DISP ROiJN;PARAH$(COLN);" =";A
9270 OFF CURSOR 9 OFF ERROR 9 RETURN
9280 !
9290 NEXT.I: NEXT I
9300 !
9310 FINISH: OFF ERROR 9 IF ALL THEN HAT S=ZER 9 60SUB CDLSELECT
9320 CLEAR 9 PRINT 'SETI'jTAB tfDj'X'jTAB (3a)?"!err";TAB (52);'Y";TAB (61);»Zerr';TAB (69);"RHO' 9 PRINT
9330 FOR 1=1 TO RMAX-RHINH
9340 PRINT I;TAB (5};N$U);TAB (28);S(I,1);TAB (37}jFNDr(Sa,2),3)jTAB i49);S(I,3};TAB (59);FNDr(S(I,4),3);TAB (67);S(I,5)
9350 NEXT I
9360 80TO DATAFILE RETURN
9370 ! r  
9380 NAHEBLANK: FOR 1=1 TO HAXNUM 9 «$(!)="' 9 NEXT I 9 RETURN
9390 !
9400 HRONSF1LE: SOSUB CLUNK 9 DISP 9 DISP "It* FILE ";FILE$;" NOT RECOGNIZED ON SPECIFIED DISC; TRY A6AIN W 9 DISP 9 HAIT 10
00 9 60TO DATAFILE
9410 !
9420 COLSELECT: ! Select columns iron VISICALC array already in letory
9430 SOSUB CDLINPUT 9 DISP 9 DISP "TRANSFERRINS ELEMENTS...'
9440 HAT COLN=ZER
9450 FOR 1=1 TO NCOLS
9460 ON ERROR SOTO 9500
9470 IF LEN (0$(I)}=1 THEN COLN<I)=NUH (0$(I)E13)-66
9480 IF LEN (Q$U»>1 THEN COLN(D=26$(NUH (0$(I)tl,13)-64)+NUH (0*iI)[2,23}-66
9490 IF CQLNUK1 OR COLN(I)>47 THEN 60SUB BADINPUT 9 SOTO COLSELECT



9500 OFF ERROR
9510 NEXT I
9520 FOR 1=0 TO RMAX-RHIN
9530 FOR J=l TO NCOLS
9540 IF NCOLS=2 AND J=2 THEN COLN=3 ELSE CQLN=J
9550 S(H-l,COLN)=VC(R«IN+I,COLN(,m
9560 NEXT J
9570 NEXT I
9580 RETURN
9590 !
9600 PLOTBOX.SIZE: A,B=0 ! Calculate liiits lor plot defined by box-size
9610 RATIO_=<LI«X2-LINX1}/(LIMY2-LIMY1)
9620 IF RATIO.)! THEN 8gu=100 ? A=l t 60SUB A6U * 60SUB B8U
9630 IF RATIO_<= 1 THEN Agu=100 S B=l 9 605UB B6U % 60SUB A6U
9640 ON ERROR'BOTQ 9690
9650 LIMIT A1,A2,B1,B2
9660 IF (C=0)t(RATIO >1 EXQR RATIO.)!} THEN £>1 $ GOTO PLOTBOX.S1ZE
9670 OFF ERROR 9 LIHX1=A1 9 LIHX2=A2 9 LIHYl=8i 9 LI«Y2=B2 9 RETURN
9680 !
9690 OFF ERROR * 6QSUB CLUNK 9 DISP 9 DISP 'tW INSUFFICIENT ROOH FOR LABELS WITH SPECIFIED PLOTBOX-LIMITS tW" * DISP 9 DISP % 8
OTO 1520
9700 !
9710 A6U:
9720 H6Y=<LIHY2-LIMYl)/(Bgu-¥L-¥END) ! lilliaeters/SU in Y-direction
9730 YL_HH=YLt«6y % YEND.HM=YENDt«6y
9740 B1=LIHY1-YL.«H § B2=LIH¥2+YEND.«H
9750 IF A THEN Agu=XL+XENB+100t(LIMX2-LJHXl}/(B2-Bl)
9760 RETURN
9770 !
9780 B6U:
9790 «6x=<LIHX2-LIMXl}/(Aqu-)!L-)iEND} ! iilliaeters/SU in X-direction
9800 XL_H«=XL««6x ? XEND.««=XENDtH6x
9810 A1=LIHX1-XL.H« « A2=LI«X2HEND.«H
9820 IF B THEN Bgu=YL+YEND+100t(LIMY2-LJHYl}/(A2-Al)
9830 RETURN
9840 !
9850 COLUHN.NAHES:
9860 ! Find and list colum-naaes of VISICALC files.
9870 ! Assutes that coluin-naaies are underline with repeating "=*, so that
9880 ! the VC-string is */-=*, and that rows 3 and 4 contain the coluin-naies.
9890 ! Also assuies a 9-character colutn-width for saiple-nates.
9900 DIH CN*(61,2)[91
9910 !
9920 ALPHA 1 * CLEAR § C.ROW=CURSROW § B*='
9930 DISP 'Locating coluin-naie row. Please wit...'
9940 FOR 1=1 TO 61 * CN*<I,1},CN*U,2)*8.$ § NEXT I
9950 ASSI6NI 1 TO FILE* & ON ERROR 60TO 9990
9960 FOR 1=1 TO 3150
9970 READI 1 ; VC$S IF POS 1VCS,"/-=') THEN 10000
9980 NEXT I
9990 OFF ERROR § DISP ? DISP H6L* (* NO '/-=' VISICALC-CELLS FOUND - CAN'T FIND NAHES ') % DISP 9 DISP * RETURN
10000 ALPHA C_ROW t CLEAR
10010 FOR 1=1 TO 3150
10020 ON ERROR 60TO 10110 * 60SUB VC.STRIN6S
10030 ON 1MVCROK)4)+2»(VCRQW<3) GOTO 10040,10090,10110
10040 IF C=3 THEN COLN=D-66
10050 IF C=4 THEN COLN=24+26»<D-65)+B-64
10060 T COLN<1 THEN NEXT.I
10070 IF yCROW=3 OR VCRO«M THEN P=POS (VC*,CHR$ U3)) 9 CN*<CQLN,VCROW-2)=TRIH$ (VC$[A,P-11)
10080 !



10090 NEXT.I: NEXT I
10100 !
10110 CLEAR * PRINT 'COLUMN';TAB aO};"COLUHN-NAHE" 9 PRINT
10120 FOR 1=1 TO 61
10130 IF K25 THEN II=CHR* (1+66)
10140 IF 1)24 AND K51 THEN I$='A'iCHRf (1+40)
10150 IF I>50 THEN I*='B*SCHRf (I-H4)
10160 IF LEN (CN$(I,1))=0 AND LEN (CN$(I,2))=0 THEN 10190
10170 IF CN*(I,1)=8$ AND CN*(I,2)=B* THEN 10190
10180 PRINT   ';I$;TAB (10);CN$(I,1);TAB (20);CN$(I,2)
10190 NEXT I
10200 PRINT 9 PRINT
10210 RETURN
10220 !
10230 REBRESS: CLEAR 9 OFF KYBD 9 BOSUB POLYFIT ! So polynomial regression I plot curve
10240 SETUU 9 PEN CPEN 9 Y=0 9 X=XHINt(XHIN*0)+Xspred/100t(XHIN=0)
10250 FOR 1=3! TO XHAX STEP (XHAX-XHINJ/100
10260 Y=0 9 IF 1*0 THEN 10290
10270 FOR J=l TO P+l 9 Y=Y+Coef (J)tr<J-l> 9 NEXT J
10280 IF IIX THEN DRAW I,Y ELSE HOVE I,Y
10290 NEXT I
10300 PEN 0 9 DISP 'PRESS "&CNTtt' TO CONTINUE" 9 PAUSE
10310 GOTO RE.DATA
10320 !
10330 POLYFIT: OFF KEYI
10340 ! Up to 5th order polynomial regression on up to 300 points.
10350 ! Unweighted for analytical errors.
10360 ! A-Array is the X Power-Hatrh,
10370 ! Coef-Array Contains the P+l Coefficients of the Pth-Order Polynoiiai.
10380 !
10390 HIM XA(6,300),XB(6,6),XD(6,300),P(300,6),Coef(6)
10400 DISP "WHAT ORDER POLYNOHIAL (1-5)';? INPUT P
10410 IF P<1 OR P>5 OR NN<P+1 THEN SOSUB BAD INPUT 9 60TO 10400
10420 DISP 9 DISP 'Please Mait...'
10430 REDIM XA(P+1,NN),XD(P+1,NN),P(NN,P+1),Y(NN)
10440 !
10450 ! Create Power-matrix froi X-values
10460 FOR 1=1 TO N»
10470 FOR J=l TO P+l
10480 P(I,J)=X(I) A (J-i)
10490 NEXT J
10500 NEXT I
10510 !
10520 ! Solve «atrix equations for best-fit polynomial coefficients
10530 HAT XA=TRN (P)§ HAT XB=XAtP
10540 HAT XD=INV (XB)IXA
10550 HAT Coef=XDtY
10560 CLEAR 9 PRINT 9 PRINT 'ORDER';P;'PQLYNOHIAL COEFFICIENTS: ' 9 HAT PRINT Coef 9 PRINT
10570 RETURN
10580 !
10590 SUHP_TQ_PLOTTER: ! Transfer CRT-plot to HP-7470A plotter
10600 CPEN=1 9 SPEED$="VS' 9 PLOTSIZE=8 9 PLOTTER_DUHP=1 8 HP=1 9 CRT=0 9 PLR=705 9 80SUB 1560 9 CLEAR
10610 FOR JJ=1 TO C_CT
10620 K,N=1 9 X(K^=CACHE(JJ.l) 9 Y(K)=CACHE(JJ,3) 9 Ex(K)=CACHE(JJ,2) 9 Ey(K)=CACHE(JJ,4) 9 RO(K)=CACHE(JJ,5)
10630 SYHBOL=SYHBQL(JJ,1) 9 SOSUB PLOTT
10640 NEXT JJ
10650 FOR 1=1 TO NLINES
10660 SIope=LINE(1,1) 9 Inter=LINE(I,2) 9 SOSUB DRAWL INE
10670 NEXT I
10630 !



10690 FOR JJ=1 TO NPHRASES
10700 P*=LETTER$(JJ) % X=LETTER(JJ,1) % Y=LETTER(JJ,2) * H=LETTER(JJ,3) $ SL=LETTER(JJ,4) * ROT=LETTER(JJ,5) § 60SUB LETTER 
10710 NEXT JJ 
10720 !
10730 PLOTTER_DU«P=0 * SOTO RE_DATA 
10740 ! 
10750 !
10760 HELP: OFF KYBD § CLEAR ! Display instructions for special-function keys. 
10770 DIH DFW23,DF2$E1Q3,DF3$E60J,DF4*E603,DF5$E603
10780 PRINTER IS 1 9 PRINT TAB (16);H6L$ C FUNCTIONS OF KEYS DEFINED DURIN6 LAST DISPLAY:  } § PRINT $ PRINT 
10790 RETURN 
10800 !
10810 HELP2: 60SUB HELP $ RESTORE 10820 9 NUH.KEYS=17 * 60SUB PRINTJ LP » 60TO RE.DATA 
10820 DATA "1",QPEN Ebox,Choose an open (unfilled) 2-sigia error box as the,plotting-syibol., (l , a8",SOLID Ebox 
10830 DATA Choose a solid (filled-in) 2-sigia error box as the,plotting syibol., I ","2","OPEN Eell",Choose an open (unfilled) 2-sigaa 
error-ellipse as the
10840 DATA plotting syabol.,","?*,SOLID Eell,Choose a solid (filled-in) 2-sigia error-ellipse as the,plotting-syabol.," 
10850 DATA *3',POLYSON,Choose an open or solid polygon (either regular or,star-shaped) of arbitrary size It orientation as the,plotti 
ng-syibol.
10860 DATA "10",LETTER,Draft a phrase anywhere on the plot.,""," 
10870 DATA '",' +tO)! ...",Use any keyboard-key character as the plotting-syabol.," 8 ,"" 
10880 DATA *4",ERRCROSS,Choose a 2-sigia error-cross as the plotting-syibol.,",'" 
10890 DATA "5',PRINT PLOT,Duip CRT-plot to printer (CRT-plot only).,'"," 
10900 DATA "~",CTRL D,Duip CRT-plot to HP-7470A plotter.,"","'
10910 DATA "6",YORKFIT,Calculate a York-style best-fit line to the last-,'plotted set of data, starting with set* 1. Also" 
10920 DATA "calculates isochron age, if appropriate.' 
10930 DATA *7",OPTIONS,"Change errors to 1 or 2 sigaa, absolute or percent;",Store CRT plot on disk; do polynomial regression to dat
 M"

10940 DATA »11",PEN i.Use pen* 1 (plotter) or solid-line (CRT).,"",""
10950 DATA "12",PEN 2,Use pen* 2 (plotter only).,","
10960 DATA "12",ERASE PEN,Use 'erasing pen' to un-dran syibols or letters,(CRT only).,"
10970 DATA "13',DATAFILE,Bring data froi either a VIS1CALC or nuaeric,data-file into ieiory.,"
10980 DATA "14%REDR AH, Start a new plot.,"","
10990 !
11000 PRINT_HELP: OFF KEY*
11010 FOR 1=1 TO NUHJCEYS
11020 READ DF1$,DF2$,DF3$,DF4$,DF5$
11030 PRINT 'KEY* "fcDFi*;TAB (9);'- "&DF2$i":';TAB (23);DF3$
11040 IF DF4$#" THEN PRINT TAB (23);DF4$
11050 IF DF5$*" THEN PRINT TAB (23);DF5$
11060 PRINT
11070 NEXT I
11080 PRINT * PRINT 'Use "SrHSL* (" ROLL ')&" key to scroll display, press "&CNW to return to previous display."
11090 PAUSE § RETURN
11100 !
11110 HELP1: SOSUB HELP * RESTORE 11130 » NUH.KEYS=13 $ 60SUB PRINT_HELP § SOTO BE6IN
11120 !
11130 DATA 'T,PRINT-DAT,Use printer as the printout device.,",","2',CRT-DAT,Use the CRT as the printout device.,",""
11140 DATA "3",HARDPLOT,Use the plotter (HP-7470A) as the plotting device.,",","4",CRT PLOT,Use the CRT as the plotting device.," 8
an

5

11150 DATA "5",PEN l,Use pen* 1 (plotter only) as the plotting pen.,",","6",PEN 2,Use pen* 2 (plotter only) as the plotting pen.,'
a »n

11160 DATA '8',PEN SPEED,Specify the speed of the plotter pen (default value is,the fastest speed) (plotter only).,"
11170 DATA "12%tNORHt,"Use 'noraaP-size ticks, labels,* syabols.*,",""
11180 DATA »13",SLIDE,"Use 'slide-size' ticks, labels, & syibois. These",are soienhat larger relative to the plot-size than,*NOR lit
size.
11190 DATA "14',DATAFILE,Bring data froi either a VISICALC or nuwric data-,file into ieiory.,"
11200 DATA "7",START,"Answer the resulting queries about axis-labels, intervals,",& plot-size. The plot fraaework Hill then be draw
n. You
11210 DATA don't need to press any other keys for just a CRT plot.



11220 DATA "10",STACK,Suppress X-axis label and X-axis tick-labels for lore,convenient vertical stacking of plots sharing the saiej
-axis.
11230 DATA "9",LD6 ZEROES,Include a leading zero in tick-labels for ticks with,absolute values less than zero.,"
11240 !
11250 HELP3: 6QSUB HELP § RESTORE 11270 § NUN_KEYS=8 § SOSU8 PRINT.HELP § GOTO OPTIONS
11260 !
11270 DATA "1",PRINT PLOT.Duip the CRT plot to an HP-829058 or 2673A printer.,"",'"
11280 DATA '2',STORE PLQT,Store the plot as a graphics file on a disk <CRT,plots only)., 1 "
11290 DATA *4','1-SI6 ERRS",Input data-point errors at the 1-sigia level instead,of 2-sigia.,"
11300 DATA "5","2-SI6 ERRS',Input data-point errors at the 2-sigia level (default),instead of 1-sigia.,"1
11310 DATA *2*,A8S ERRORS,Input data-point errors as absolute values rather,than as percent values.,"
11320 DATA "3V ERRORS,Input data-point errors as percent values (default),rather than as absolute values.,"
11330 DATA '14',POLYFIT,Calculate a best-fit polynoiial curve (up to 5th order),'to the last-input set of data, and plot the curve.*
* i

11340 DATA '7',ESCAPE,Return to the previous key-function display.,","
11350 !
11360 HELP4: 60SUB HELP * RESTORE 11380 § NUN_K£YS=3 § 60SU8 PRINT.HELP § GOTO ADD
11370 !
11380 DATA '5*,YORKFIT,Calculate a York-type best-fit line to the last set of,"data, i calculate an isochron age if appropriate. V*

11390 DATA "6",RETAIN,'Add any subsequent-input points to the previous ones,*,so that points »ith different plot-syibols can be 
11400 DATA pooled for a later Yorkfit or Polyfit.
11410 DATA '7',CONTINUE,Return to the input-data part of the prograi.,"," 
11420 !
11430 HELPS: 6QSUB HELP
11440 PRINT 'MODEL 1: Use the Model 1 solution for drawing the best-fit line and for any* $ PRINT TAB (12);"isochron calculation. 
Model 1 assuies that the";
11450 PRINT ' only cause of scatter* 9 PRINT TAB (12);"is froi the assigned analytical errors. The points are weighted"; 
11460 PRINT TAB (12);'according to those errors only. If the probability of fit is less";TA8 U2);'than 15X, the assigned errors ar 
e expanded until they can*;
11470 PRINT * account' $ PRINT TAB (12);*for the scatter, and a Student's-t lultiplier of the errors is used.* $ PRINT 
11480 PRINT 'MODEL 2: Use the Model 2 solution for drawing the best-fit line and for any 1 
11490 PRINT TAB (12);'isochron calculation. Model 2 assuies that nothing is known about* 
11500 PRINT TAB (12);"the reason for the scatter of the points, and so weights all points* 
11510 PRINT TAB (12);"equally, with zero error-correlations.' § PRINT 
11520 PRINT 'MODEL 3: Use the Model 3 solution for drawing the best-fit line and for any' 
11530 PRINT TAB (12);'isochron calculation. Model 3 assuies that the cause of the scatter* 
11540 PRINT TAB (12);*froi the best-fit line is a coibination of analytical error plus a" 
11550 PRINT TAB (12);'norially-distributed variation in the initial ratios. A Student's-f 
11560 PRINT TAB U2);'is applied to the errors." * PRINT § PRINT 
11570 !
11580 PRINT "Press 'iCNm' to return to previous display.' § PAUSE * 6QTO CHOOSE_MODEL 
11590 !
11600 HELP6: 60SUB HELP % RESTORE 11620 § NUM_KEYS=4 § 60SUB PRINT.HELP $ 6QTO KEYS 
11610 !
11620 DATA M', RESTART,'Re-draw the plot, retaining any datafile data in leiory.',","
11630 DATA *2',ADD POINTS,Retain the just-Yorkfit points so that they can be added,to the next-input points for another Yorkfit., 1 ' 
11640 DATA '3',PRINT PLOT,Duip the CRT plot to an HP-829058 or HP-2673A printer.,"," 
11650 DATA '?',CONTINUE,Return to piot-syibol-select display.,",'*



APPENDIX 2: PROGRAM LISTING OF CPLOT

10 ! wtwwmwwmww CPLOT tmmmtmimtmmmmmmm
20 ! Prograi for Concord!a plotting and Yorkfit of Pb/U isotope data.
30 ! Revision of NOV 01, 1983. Requires Adv. Progr. ROM., about 100 kbytes.
40 !
50 ! Data iav be entered froi either of (1) Keyboard, (2) Visicak data-
60 ! file, or (3) nX45 Nuieric data-file, and plotted either on CRT or
70 ! plotter.
30 ! Brackets indicate optional input.
90 !
100 ON ERROR 60TO 120
110 IF PLOT.STARTED THEN PLQTDATA ! SKIP PLOT SET-UP IF STARTIN6 FROM 'CQNT 1"
120 OFF ERROR
130 !
140 OPTION BASE 1
150 DIM A(100),8(100),Q(100),R(100),Z(100),A$[723,XUOO),Y(100),Ex(100),Ey(100),Naie*[503,RO(100),Slope(4),Inter(4),Errint(4),Errsi(
4),Xbar(4),Ybar(4),CW13
160 DIH R«503,RR«503,PLOTDEV<2},Pr{2),KEY$[13,N$UOO)C183,XX{45),CRUD$C503
170 DIM ALLKEY«2563,0(5),0*<5)[33,XERRUOO),YERRUOO),PHRASE«803,3(100,5),Cint(8),E76UOO),ZERO$[83,XTIK*(8)[123,YTIK$(8)[123,XTIK
(8),YTIK(8),Re$£503
180 DIH CACHE(100,5),LETTER$(25)[803,LINE(12,2)
190 SHORT EjtOUOO) ! EyO(100),SYHBOL(100,5),LETTER(25,5)
200 INTE6ER XDEC(8),YDEC(8)
210 !
220 ! Initialize constants
230 L8=.000155125 9 L5=.00098485 § PS=.35 ! DECAY CQNSTS., POLY-SIZE CONST.
240 CRUD*=HSL* (" tW IMPROPER RESPONSE OR NUMBER OF VALUES tttS ') ? SLD,HP=0
250 EL*=" "iHBL* ("ENDLINE")i«   ? SPEED$='VS" 9 FILE$="" ? ZEROS'00000000"
260 ALLKEY$=RPT$ (" %256)
270 FOR 1=1 TO 256
280 IF K128 OR 1)172 THEN ALLKEY$[I,I3=CHR$ (I)
290 NEXT I
300 PLOTDEVU)=1 § PLOTDEV(2)=705 § CP£I«=1 § PEN 1 § DFILE=0 § ERRTYPE=-1 § PLR,Pr(2),Pr(l),PR=l § PRINTER IS 1 9 CA*0 » CT$='0" § P
A6ESIZE 24 9 DE8
310 REDRAW: PLOTTER_DUHP,C.CT,NPHRASES,LZERQ,YCHAR,XCHAR,ODDSIZE,SIZETYPE,NCHORDS,SOLIDCHORD=0 f BOTO BEBIN
320 !
321 CLEARKEY: ! Clear all special-function-key labels
322 FOR i=l TO 14 9 ON KEYI i," 60SUB RETRN § NEXT i
323 RETURN
324 !
330 RETRIEVE SIR: ! Retrieve up to 5 substrings (separated by V) froi string
340 ON ERROR 60TO 390
350 LIHPUT R$ ? Ot(i),0$(2),0$(3),0$(4),0$(5)= 1"1 ? Ninputs=0 9 RR$=R*
360 Wi=POS (R*,',") 9 SP=«ht(WhlO>+(LEN (R$)*l)l(Wh=0)
370 0$(H-Ninputs)=R«l,SP-13 « Ninputs=l+Ninputs
380 IF Mh THEN R$=R$tH-»h3 ? BOTO 360
390 OFF ERROR » RETURN
400 !
410 RETRIEVE: ! Retrieve up to 5 nuieric values separated by V *roi string
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420 LINPUT R$
430 RTR: 0(l),0(2),0(3),0(4),0(5),Ninputs=0 9 RR*=R* ! Alternate entry line
440 ON ERROR BOTO 470
450 0(H-Ninputs)=VAL (Rt) 9 Ninputs=l+Ninputs
460 Nh=POS (R*, V> 9 IF Wh THEN R$=R*CUWh3 § BOTO 450
470 OFF ERROR 9 RETURN
480 !
490 BAD.INPUT: 60SUB CLUNK 9 DISP 9 DISP CRUD$ $ DISP § RETURN
500 !
510 DEF FNA(T) = EXP (L5tT)-l ! 207/235
520 DEF FNB(T) = EXP (L8tT)-l ! 206/238
530 DEF FNC(T) = L8IEXP ((L8-L5)tT)/L5 ! Slope of concordia curve for tiae T
540 DEF FND(X) = LOB (H-XJ/L5 ! 206/238 age
550 DEF FNE(Y) = LOS (H-YJ/L8 ! 207/235 age
560 DEF FNF(X) = INT (LST (ABS (X*(X=0))))
570 !
580 DEF FNTICK(X) ! Returns tick-interval
590 A=10AFNF(X)/8
600 IF ABS (X/A)>12 THEN A=2IA 9 BOTO 600
610 B=ABS (A)/10AFNF(A)
620 IF BUNT (B) THEN A=INT (B)tlOAFNF(A)
630 FNTICK=A $ FN END
640 f
650 DEF FNXTICK(P) i Draw X-axis & ticks
660 NTIX=Xspred/XTIK 9 ETIX=NTIX/2=INT (NTIX/2) ! f ticks even?
670 FOR X=i TO NTIX
680 ETIK=X/2=INT (X/2) ! Even tick?
690 IF (P=l)t£TIK OR (?=-!)*((ETIK EXOR £TIX)*0) THEN H=XTICKSIZ£ ELSE «=XTICKSIZE/2
700 IDRAN PtXTIK,0 9 IDRAW O.P1H $ IDRAW 0,-(PtH)
710 NEXT X
720 FNXTICK=0 9 FN END
730 !
740 DEF FNYTICK(P) ! Draw Y-axis & ticks
750 NTIX=Yspred/YTIK § ETIX=NTIX/2=INT (NTIX/2) ! I ticks even?
760 FOR Y=l TO NTIX
770 ETIK=Y/2=INT (Y/2) ! Even tick?
780 IF (P=l)tETIK OR (P=-1)*((ETIK EXOR ETIX)*0) THEN H=YTICKSIZ£ ELSE H=YTICKSIZE/2
790 IDRAN 0,PtYTIK 9 IDRAN -(P*H),0 § IDRAW P*N,0
800 NEXT Y
810 FNYTICK=0 § FN END
820 i
830 DEF FNDr(N,D) ! Round value N to D significant figs.
840 IF N THEN Hu=10A (D-INT (LST (ABS (N)))-l) ELSE Hu=l
850 FNDr=IP (N<Nu)/Nu
860 FN END
870 !
880 DEF FNDECIHAL(X) ! Returns idigits beyond decimal pt
890 A=0 § N=X
900 N=10t(ABS (N)-INT (ABS (N)))
910 IF N THEN A=A+1 § BOTO 900 ELSE FNDECIHAL=A
920 FN END
930 !
940 CLUNK: BEEP 115,40 ? BEEP 195,40 § RETURN ! ERROR-SOUND
950 i
960 DEF FNCHAR(X) = 1+(ABS (X)>l)t(FNF(X)+(XtINT (X)))f(X<0)+FNDECIHAL(X)+(X<l)*LZERO ! ICHARACTERS REQUIRED FOR X.
970 !
980 CA=0 ? CT*='Q" 9 ALPHA 1 9 DISP HBL* (" HORIZONTAL CONCORDIA TICK-LABELS ') $ RETURN
990 CA=1 § CT$="-8 § ALPHA 1 § DISP HSL« (' OBLIQUE CONCQRDIA TICK-LABELS  ) § RETURN
1000 !
1010 BE6IN: ALPHA 1 9 CLEAR 9 ALPHA 21,27 9 AHRJT '(LONER OPTIONS ARE DEFAULT)"



1020 ALPHA 19,19 * AHRIT 'Press "&H6L$ <" L  }*" to obtain leading zeroes for ticks' * OFF CURSOR * 60SUB CLEARKEY
1030 ON KEY! 1,'Q CTICKS" 60SUB 980
1040 t OH KEYI 2,'CRT-PRINT' 60SUB DISPLAY
1050 ' ON KEY! 3,' CRT PLOT" 60SUB CRTPLOT
1060 IF PLRil THEN ON KEY! 4,' PEN 1' GOSUB PEN 1
1080 ON KEYI 6,' tNGRHI" 60SUB NORHSIZE
1090 ON KEY! 7,' START' 6QTO 60
1100 ON KEYI 8,'\ CTICKS" 60SUB 990
1110 ON KEYI 9,' PRINTER' BOSUB HARDCOPY
1120 ON KEYI 10,' HARDPLOT 1 SOSUB HARDPLOT
1130 IF PLRI1 THEN ON KEYI 11," PEN 2' BOSUB PEN_2
1150 ON KEYI 5,» DATAFILE" BOSUB DATAFILE
1160 ON KEYI 13,' SLIDE' BOSUB SLIDE
1170 ON KEYI 14,' HELP' 60TO H&P1
1180 IF PLR=1 THEN ON KEYI 12," 60SUB RETRN
1190 IF PLRI1 THEN ON KEYI 12," PENSPEED' 60TO PENJPEED
1200 ON KYBO K,ALLKEY$ GOTO keys
1210 KEY LABEL
1220 GOTO 1220
1230 !
1240 kevs: IF K=76 OR K=108 THEN OFF KYBD 9 GOTO LZERO ELSE GOSUB CLUNK 9 GOTO 1220
1250 !
1260 60: CLEAR * OFF KEYI ! Enter plot-liiits * calculate graphics parameters
1270 OFF KYBD * DISP * DISP 'CHIN. ABE,] MAX. AGE (Ha) (PRESS'fcELtt'TO DEFINE BY 6/8-7/5 LIMITS)";
1280 SOSUB RETRIEVE * IF 0(2X0(1} AND 0(2) THEN GOSUB BAD.INPUT * GOTO 1270
1290 IF Ninputs=0 THEN T=0 9 GOTO 1320 ELSE A«N=0(1) 9 AMX=0(2) * T=l
1300 IF Ninputs=l THEN T=l § AMN=0 9 AMX=QU> * GOTO 1470 ELSE T=l 9 GOTO 1470
1310 !
1320 DISP '207/235, 206/238 LIMITS';? GOSUB RETRIEVE 9 IF Ninputsl2 AND Ninputsl4 THEN GOSUB BADJNPUT 9 GOTO 1320
1330 IF Ninputs=2 THEN XMIN,YMIN=0 9 XMAX=Q(1) 9 YMAX=0(2) 9 GOTO 1360
1340 XHIN=0(1> 9 XHAX*Q{2} 9 YMIN=Q{3> 9 YMAX=Q{4)
1350 IF XMIN>= X«AX OR YMIN>= YMAX THEN BOSUB BADJNPUT 9 GOTO 1320
1360 XTIK=FNTICK{XMAX-XHIN) 9 YTIK=FNTICK<YMAX-YMIN)
1370 !
1380 ! Force lower-bound X & Y values to have a liniiui I of siq. figures.
1390 FOR 1=1 TO 8
1400 X=FNDr(XHIN,I) 9 IF XHIN-X<XTIK THEN XH1N=X 9 GOTO 1420
1410 NEXT I
1420 FOR 1=1 TO 8
1430 Y=FNDr(YMIN,I) 9 IF YHIN-Y<YTIK THEN Y«IN=Y 9 GOTO 1450
1440 NEXT I
1450 AMX=FND(XMAX-tt«AX-XHIN)/100> § IF FNB<AMX)>YHAX THEN A«X=FNE(YMAX)
1460 A«N=FND(XMIN)
1470 IF PLR=1 THEN 1600 ELSE CLEAR 9 DISP "PLOT-SIZE (3-10)' 9 DISP 9 DISP '[press '&EL«" for nonstandard diaensions/locationsl';?
DISP * GOSUB RETRIEVE
1480 IF Ninputst{«HlK3)+U3m>10» THEN GOSUB BAD.INPUT 9 GOTO 1470
1490 IF Ninputs=0 THEN ODDSIZE=1 ELSE PLOTSIZE=0(1) 9 GOTO 1600
1500 !
1510 CLEAR 9 DISP 9 DISP 'PRESS 'iHSL* (' 1 ')*' TO DEFINE PLOT-LIMITS FOR THE ENTIRE FIGURE-AREA,'
1520 DISP 9 DISP ' "*HGL$ C 2 ')&' TO DEFINE FOR JUST THE PLOT-BOX.' 9 DISP
1530 ON KYBD KY,'0123456789' GOTO 1550
1540 GOTO 1540
1550 OFF KYBD 9 IF KYI49 AND KYI50 THEN GOSUB CLUNK 9 GOTO 1530 ELSE SIZETYPE=KY-48
1560 DISP 9 DISP 'ENTER PLOT-LIMITS IN M: X-MIN, X-MAX, Y-MIN, Y-MAX' 9 DISP '(§ax. liaits are 0-257 EX] and 0-191 IW}9 DISP
1570 IHPUT LIMX1,LIMX2,LIHY1,LIMY2* IF LIMXKO OR LIMX2>257 OR LIMYKO OR LIMY2M91 OR L1MX2-LIHXK30 OR LIMY2-LIMYK30 THEN BOSUB
BADJNPUT 9 6QTO 1560
1580 PLQTSIZE=10t({LIMX2-LIMXl)/257*(LIMY2-LIMYl)/191)/2
1590 !
1600 ALPHA 1,1 9 CLEAR 9 OFF CURSOR 9 ALPHA 12,27 § AHRIT 'A FEW SECONDS, PLEASE..."
1610 ON ERROR GOTO PLOTTER_NOT_QN § PLQTTEfl IS PLfi 9 OFF ERROR 9 GOTO 1660



1620 !
1630 PLOTTER.NQTJJN: 60SUB CLUNK 9 CLEAR 9 DISP TAB (24);H6L$ C PLOTTER NOT READY!  } 9 HAIT 3000 9 CLEAR 9 60TO 1610
1640 i
1650 IF PLOTTERJUMP THEN 2040
1660 IF T=0 THEN 1770
1670 ! CALCULATE PLOT-BOUNDARIES          
1680 !
1690 XHAX=FNA(AHX} 9 YMAX=F«B(AHX)
1700 XTIK=FNTICK(XHAX-FNA(AHN)) 9 YTIK*FNTICK(YHAX-FNB(AMN}> 
1710 FOR XHIN=0 TO MAX STEP XTIK ! CALC. HIN. X FOR ABE-DEFINED PLOT 
1720 IF FND<XHIN+XTIK)>AHN THEN 1740 
1730 NEXT XMIN
1740 FOR YttIN=0 TO YHAX STEP YTIK i CALC. HIN. Y FOR ABE-DEFINED PLOT 
1750 IF FNE(YHIN+2tYTIK}>A«N THEN 17§0 
1760 NEXT YHIN
1770 XTIK=FNTICK(XHAX-XHIN) 9 YTIK=FNTICK<YHAX-YHIN) 
1780 CTIK=FNTICK((AHX-AHN)/(1+(A«X-AHN>3000))) 
1790 FOR X=XHIN TO X«AX STEP XTIK i CALC. MAX. X " * 
1800 IF XHAX-X<= niK THEN XHAX*XtXTIK 9 60TO 1820 
1810 NEXT X
1820 FOR Y=YHIN TO YHAX STEP YTIK ! CALC. HAX. Y ' " 
1830 IF YHAX-Y<= YTIK THEN YHAX=Y+YTIK 9 60TO 1850 
1840 NEXT Y
1850 XTIK=FNT1CK(XHAX-XHIN) 9 YT1K=FNTICK(YHAX-Y«IN)
1860 Xspred*XHAX-XNIN 9 Yspred=YMAX-Y«IN 9 XDEC_HAX,YDEC_HAX,XCHAR,YCHAR=0 9 HP=PLR*1 
1870 !
1880 ! Find aax. I characters in X & Y ticks & ticks *. flax, i of denial pi. 
1390 FOR 1=1 TO Xspred/XTIK/2+1 
1900 XnKU)=XHIN+2*XTlK*(I-U
1910 A=FNCHARUTIK(I)) § IF A>ICHAR THEN XCHAR=A ! «ax. i of characters 
1920 XDECU}=FNDECI«AL<XTIK(I}> 9 IF XDECU)>XDEC_«AX THEN XDEC_«AX=XDEC(I) 
1930 NEXT I 
1940 !
1950 FOR 1=1 TO Yspred/YTIK/2+1 
1960 YTIK(I)=YHINt2IYTIKt(I-l)
1970 A=FNCHAR(YTIK(D) § IF A>YCHAR THEN YCHAR=A ! Max. i of characters 
1980 YDEC(1)=FNDECI«AL(YTIK(I)) 9 IF YDEC(I)>YDEC_HAX THEN YDEC.«AX=YDEC(I) 
1990 NEXT I 
2000 !
2010 HP=PLRI1 § CRT=PLR=1 9 PPM+CRT 9 IF PLR=1 THEN 6CLEAR 
2020 IF PLR=1 THEN LIHX1,LI«Y1=0 9 LIHX2=125 9 LIHY2=75 9 GOTO 2070 
2030 IF ODDSIZE THEN 2060
2040 LIHXl*257*(l-.UPLOTSIZE)/2 * LINX2=257-LI«X1 ! Centered plot 
2050 LIMYl=191$(l-.UPLOTSIZE)/2 9 LIHY2=191-LIHY1 
2060 IF SIZETYPE<2 THEN LIHIT LIMX1,LIHX2,LIHY1,LIHY2 
2070 AR=2/3 9 THT=5 9 LHT=6 ! ASPECT RATIO, TICK-LABEL CHAR. HT
2080 IF HP THEN H*.7*(1+2.7$(PLOTSIZE<6 OR SLD}/PLOTSI2E) 9 THT=H$THT 9 LHT=1.2tH$LHT ! For plotsize<6, character-height is soiewhat 
buffered

2090 IF HP THEN PRINTER IS PLOTDEV(2) 9 PRINT SPEED! 9 PRINTER IS Pr(2) 
2100 !
2110 A=(XHAX-XHIN)/XTIK § B=<YHAX-YNIN)/YTIK
2120 YL=WHTt.75+LHT ! BU's below X-axis 
2130 XL=THT$ARt(l-HP/3)IYCHARHHT*!.2 ! BU's to left of Y-axis 
2140 i XL=l+THTtAR$(YCHAR-HPWl-HP/3K25+LHW.5 ! BU's to left of Y-axis 
2150 YEND*THT/2*(B/2=INT (B/2» ! BU's above top of Y-axis 
2160 XEND=(H-XCHAR$AR»THT/2)*<A/2=INT (A/2)) ! BU's to right of X-axis 
2170 !
2180 IF SIZETYPE=2 THEN C=0 9 60SUB PLOTBOX.SIZE
2190 IF RATIO >1 THEN Xgu=100>RATIO 9 Ygu=100 ELSE Xgu*100 9. Ygu=100/RATIO 
2200 ! Xgu, Ygu are BU's of total-plot area along X&Y directions



2210 !
2220 LOCATE XL,Xgu-XEND,YL,Ygu-YEND
2230 XLOC=(Xgu-XEND-XL)/Xspred ! BU's/UU in x-direction
2240 YLOC=(Ygu-YEND-YL)/Yspred ! ......
2250 Xa8=XLQCI(LIHX2-LIHXl)/Xgu ! Hilliieters/UU in X-direction
2260 Yii=YLQCI(LIHY2-LIHYl}/Ygu ! Hilliieters/UU in Y-direction
2270 SCALE XHIN,XHAX,YHIN,YHAX
2280 CSIZE THT 9 LDIR 0 9 PEN CPEN 9 LH=ARILHTt(l-HP/3}
2290 IF PLOTTER.DUHP THEN 2490
2300 f
2310 FOR 1=1 TO Xspred/XTIK/2+1 ! Add deciial pt & zero to
2320 XTIK*U)=VAL$ UTIKW) ! latch foriat of X-tick with
2330 IF XDEC_HAX=0 OR XDEC_HAX=XDECU) THEN 2360 ! iost significant figures.
2340 IF XDEcil)=0 THEN XTIK$a)=XTIK$mic". f
2350 XTIKS(I)=XTIK$(I)HEROSC1,XDEC.HAX-XDEC(1)3
2360 IF LZERO AND XTIKU)>0 AND XTIKUK1 THEN XTIK$m="0"&XTIK$U} ! Add leading zero
2370 IF XTIKU)=0 THEN XTIK$U}="0"
2330 NEXT I
2390 !
2400 FOR 1=1 TO Yspred/YTIK/2+1 ! Add deciial pt i zero to
2410 YTIK$(I)=VAL$ (YTIK(I)) ! latch fonat of Y-tick with
2420 IF YDEC HAX=0 OR YDEC HAX=YDECU) THEN 2450 ! lost significant figures.
2430 IF YDECU)=0 THEN YTIK$U}=YTIK${I}*V
2440 YTIK$(I)=Ym$a>iZEROin,YDECJlAX-YDECan
2450 IF LZERO AND YTIKU)>0 AND YTIKUKi THEN YTIK$(I)="0"iYTIK$(I) ! Add leading zero
2460 IF YTIK<I>=0 THEN YTIKI(!)= <> 
2470 NEXT I
2480 !
2490 XTICKSIZE=2.5/YLOC 9 YTICKSI2E=XTICKSIZEtYM/Xai
2500 PEN CPEN 9 SETUU 9 HOVE XHIN,YHIN
2510 A=FNXTICK{l}+FNYTICKa)tFNXTICK(-l)tFNYTICK<-i) 9 FRAME ! Draw axes$ticks
2520 LORB 6 9 A=THT/YLOC/3
2530 FOR 1=1 TO Xspred/XTIK/2+1 ! Label X-axis ticks
2540 HOVE XTIKU),YHIN-A 9 LABEL XTIKSd)
2550 NEXT I
2560 !
2570 LOR6 8 9 B=THUAR/2/XLQC
2580 FOR 1=1 TO Yspred/YT!K/2+l ! Label Y-axis ticks
2590 HOVE XHIN-B,YTIiai)+U=mTHT/8/YLQC 9 LABEL YTIK$<I>
2600 ! lift 1st Y-tick to avoid interference with 1st X-tick
2610 NEXT I
2620 !
2630 SET6U 9 CSIZE LHT
2640 LORB 1 9 HOVE (Xgu+XL-XEND>/2-LHt4.5,LhT/4 9 LABEL '207'
2650 IHOVE 3>L«,LHTt3/4 9 LABEL 'Pb/' 9 IHOVE 3«J,LHTt5/4 9 LABa "235"
2660 IHOVE 3*L«,LHTI3/4 9 LABEL "U"
2670 LDIR 90 9 LORB 6 9 HOVE 0,(Ygu+YL)/2-Lil*4.5 9 LABEL '206"
2680 IHQVE -(LHTt3/4),3tLH § LABEL "Pb/ 1 9 IHOVE -(LHTt5/4),3$LH 9 LABEL '238"
2690 IHOVE -(LHTt3/4},2NJ 9 LABEL "U" 9 SETUU 9 LDIR 0
2700 !
2710 PLOT CONCORDIA: K=8tCTIK 9 C=0 9 CHT=THT * CTHT=THT-2t(CA=0) 9 D=0
2720 CLIP XHIN,XHAX,YHIN,YHAX
2730 FOR AHN=C TO AHX STEP K
2740 IF FNA(AHN)>= XHIN AND FNB(AHN)>= YHIN THEN 2760
2750 NEXT AHN
2760 IF KfCTIK THEN C=AHN-K 9 K=CTIK 9 SOTO 2730
2770 FOR T=AHN-CTIK TO AHX STEP CTIK/8
2780 X=FNA(T} * Y=FNB(T> 9 IF (X)XHIN)I{Y>YHIN) THEN DRAM X,Y ELSE HOVE X,Y
2790 IF T/CTIKIINT (T/CTIK) THEN 3000
2800 IF KAHN THEN 2990

-to-



2810 f
2820 f     Concordia ticks & tick-labels    
2830 !
2840 IF T=0 THEN 29% 
2850 IF CA=0 THEN 2880
2860 RISE=FNC(TWLQC 9 RUN_=-XLOC f OF TICK-ANGLE 
2870 SETBU % LDIR RISE,RUN. ! RT-AN6LE TO CONCORDIA CURVE 
2880 SETUU 9 LOR6 5 * CSIZE CTHT,1,0 9 LABEL CT$ 9 IF D=0 THEN 2980 
2890 ! Check if tick-labels lie within plot-box 
2900 L=CHT*U.5+INT (L6T (T)}) 9 IF CA THEN 2930 
2910 Xt=XL+XLOCIU-XMIN)-LtAR-2 ! location of label-start in X-BU's 
2920 Yt=YL+YLOCW-YMIN)*CHTf2 9 GOTO 2960 ! loc. of label-top, Y-6U's 
2930 Tangle=90+ATN (RISE/RUN.) ! tick-angle, real degrees 
2940 Xt=XL+XLOCt<X-X»IN}-COs"(Tangle)*L*AR-l 
2950 Yt=YL+YLOCW-YHIN)+SIN (Tangle)*L+l 
2960 IF Xt<XL OR Yt>Ygu-YEND THEN 2980
2970 MOVE X,Y 9 LOR6 7*CA 9 CSIZE CHT,AR,0 9 LABEL VAL$ tt}&'   
2980 HOVE X,Y 
2990 0=D=0 
3000 NEXT T 
3010 IF FILE$=" THEN ERRTYPE=0 
3020 !
3030 PLOT_STARTED=1 * SOTO STARTPLQT 
3040 RETRN: RETURN ! Duaiy return for key-labels 
3050 !
3060 HARDCOPY: ALPHA 1 9 DISP H6L$ <  PRINTER PRINTOUT  ) 9 Pr<2)=701 9 PR=2 9 PRINTER IS PH2) 9 RETURN 
3070 NORMSIZE: ALPHA 1 9 DISP H6L$ f NORMAL-SIZE PLOT-SYMBOLS & LINES ') 9 SLD=0 9 RETURN
3080 LZERO: BEEP 9 ALPHA 1 9 DISP HSL* (' ADD LEADING ZEROES TO TICK-LABELS ') 9 OFF CURSOR 9 LZERO=1 9 GOTO 1200 ! Include Idg :ero 
before <1 tick dec pt

3090 PE»_SPEED: ALPHA 1 9 CLEAR 9 AHRIT H6L$ <  INPUT PEN-SPEED (1-10) ») 9 ALPHA 3 9 INPUT PENSPEED 
3100 " IF PENSPEED<1 OR PENSPEEDMO THEN GOSUB CLUNK 9 GOTO PEN.SPEED 
3110 IF PENSPEED=10 THEN SPEED$=»VS'
3120 IF PENSPEEDdO THEN SPEED$='VS'*VAL$ (INT (38.1tPENSPEED/10)) 
3130 GOTO BEGIN 
3140 !
3150 SLIDE: ALPHA 1 9 DISP H6L$ C SLIDE-SIZE SYMBOLS & LINES  ) 9 SLD=1 9 RETURN 
3160 DISPLAY: ALPHA 1 9 DISP H6L$ (' CRT PRINTOUT ONLY ') 9 ?ri2)-\ 9 PR=1 9 PRINTER IS 1 9 RETURN 
3170 !
3180 HARDPLOT: ALPHA 1 9 DISP HGL$ C PLOTTER GRAPHICS ') 9 PLR=PLOTDEV(2) 9 WAIT 500 9 GOTO BEGIN 
3190 CRTPLOT: ALPHA 1 9 DISP H6L$ (" CRT GRAPHICS ") 9 PLR=1 9 MAIT 500 9 GOTO BEGIN 
3200 f
3210 STARTPLOT: NN=0 9 LDIR 0 9 PDIR 0 9 PRINTER IS Pr(2) 
3220 PLOTDATA: OFF KEY! 9 OFF ERROR 9 N,Iso,Pbpb=0 9 II,K*1
3230 RE.DATA: OFF KYBD 9 OFF KEYI 9 PEN 0 9 SETUU 9 MOVE XMIN,YMAX 9 Kb=0 9 IF PLOTTER.DUMP THEN RETURN 
3240 ALPHA 1 9 CLEAR 9 ALPHA 21,23 9 WRIT '(PRESS ANY KEY FOR KEYBOARD-SYMBOL)' 9 OFF CURSOR 
3250 !
3260 ON KEY! 13,' ?ERRORS?" GOTO 3490 
3270 ON KEYI 2,'OPEN Eell" GOTO QEell 
3280 ON KEY! 4,' POLYGON' GOTO Poly 
3290 ON KEYI 8,'CONT DIFF" GOTO CONT_DIF 
3300 IF CRT THEN ON KEY! 11,'PRINT PLOT' GOTO PRINT.PLOT 
3310 IF HP THEN ON KEYI 11," GOSUB RETRN 
3320 IF NN>1 THEN ON KEYI 7, 1 YORKFIT' GOTO Yorkfit 
3330 IF NN<2 THEN ON KEYI 7," GOSUB RETRN 
3340 IF CRT THEN ON KEY! 12,'ERASE PEN' GOSUB ERASE_PEN 
3350 IF HP THEN ON KEYI 12'." GOSUB RETRN 
3360 ON KEYI 5,' HELP' GOTO HELP2 
3370 ON KEYI 9,'SOLIDEell' GOTO SEell 
3380 ON KEYI 1,' LETTER' GOTO LETTER 
3390 ON KEYI 10,' PEN I 1 6QSUB PEN_i



3400 IF HP THEN ON KEY! 3," PEN 2' SOSUB PEN.2
3410 IF CRT THEN ON KEYI 3,'HPLOT DUMP' 60TO DUMPJO.PLQTTER
3420 ON KEY! 14,' DATAFILE' 6QSUB DATAFILE
3430 ON KEYI 6,' REDRAH' 60TO REDRAH
3440 ON KYBD KY,ALLKEY$ GOTO KYBRD
3450 !
3460 PLABEL: KEY LABEL
3470 GOTO 3470
3480 !
3490 SOSUB ERRORS ? SOTO RE.DATA
3500 ERRORS: ALPHA 1 * CLEAR * DISP 9 DISP "PRESS "&H6L$ I" i ')4' FOR STANDARD ERROR-FORMAT (207/235 & 206/238 errors and err.-corr
el.)," * DISP
3510 DISP "PRESS "iHBLl (" 2 ")4" FOR OPTIONAL FORMAT (206/238 and 207/206 errors)." * DISP
3520 ON KYBD KY,'0123456789" SOTO 3540
3530 SOTO 3530
3540 IF KY<49 OR KY>50 THEN 60SUB CLUNK 9 SOTO 3520 ELSE ERRTYPE=KY-49 9 BEEP 200,20 % RETURN
3550 PEN.l: CPEN=1 * ALPHA 1 9 DISP HSL$ <  PEN 1 ") 9 RETURN
3560 PEN~2: CPEN=2 9 ALPHA 1 § DISP H6L$ <" PEN 2 ") 9 RETURN
3570 ERASE.PEN: CPEN=-1 9 ALPHA 1 9 DISP HSL$ (" ERASE-PEN ') 9 RETURN
3580 !
3590 OEell: SYMBOLS 9 ALPHA 1 * DISP HSL$ (' OPEN ERROR-ELLIPSE SYMBOL ') * SOTO INPUT.DATA
3600 SEell: SYMBOLS-2 9 ALPHA 1 * DISP HSL$ (' SOLID ERROR-ELLIPSE SYMBOL ') * GOTO INPUT.DATA
3610 !
3620 Poly: SYMBOLS 9 ALPHA 1 9 CLEAR 9 DISP HSL$ (" POLY60N SYMBOL ')
3630 DISP * DISP "I SIDES I- for star) [,OPEN/SOLID 10/1) E,SIZE (1-5) [,ROTATION (0-360)313";? SDSUB RETRIEVE
3640 IF Ninput5(1 THEN SOSUB BADJNPUT 9 SOTO 3630
3650 POLYSIDES=0(1)
3660 IF Ninputs)! AND 0(2)=i THEN SOLID=i ELSE SOLID-0
3670 IF Ninputs)2 THEN POLYSIZE=G(3) ELSE POLYSIZE=2.5
3680 IF Ninputs>3 THEN POLYROT=0(4) ELSE POLYROT=90f(PQLYSIDES/2=INT (POLYSIDES/2})<(180/POLYSIDES-90)
3690 SOTO INPUT.DATA
3700 !
3710 KYBRD: IF KY=19 THEN SOLIDCHQRD=1 9 ALPHA 1 9 DISP H6L$ (" USE SOLID LINE FOR CHORDS ") 9 BEEP 9 60TO PLABEL
3720 CLEAR 9 SYMBOL'S 9 KEY$=UPC$ (CHR$ (KY)) 9 OFF KYBD 9 ALPHA 1 9 DISP H6L$ (' PLOTTINS-SYMBOL IS 'JfcHSLI (KEY$i"  ) 9 SOTO
INPUT JJATA
3730 !
3740 INPUT.DATA: CLEAR 9 OFF KEY! 9 IF DFILE THEN DISP H6L$ (' INPUT DATAFILE SET Is AS 1st SET, LAST SET-ASTERISK ');' (e.g. 2,12t
)' 9 DISP
3750 SOSUB INPUT.POINTS
3760 IF 11)100 THEN Edit ELSE 60TQ 3750
3770 i
3780 INPUT_POINTS: OFF KYBD 9 XUI),Y(II) f Ex(II),Ey(II),R(II)=0
3790 IF ERRTYPE=0 THEN DISP 9 DISP "fiVALI (Il)it': '-,9 DISP "207/235, [Xerr,3 206/238, [ZerrJ [,err-CDrrJ";
3800 IF ERRTYPE THEN DISP 9 DISP "t'WALI (Il)i': ";? DISP '207/235, 206/238, CX6/8-err3 C,U/6-err3 B ;
3810 DISP ' <"iEL$fc"HHEN DONE)";? LINPUT Re$
3820 Sc=POS (Re$,»;') 9 IF Sc THEN R$=Re$[l,Sc-13 ELSE R<=Re< ! Seiicolon?
3830 SOSUB RTR * IF Ninputs=0 THEN Edit
3840 IF NOT PQS (Re$,'f) THEN DF=0 9 SOSUB KEYBOARD.INPUT 9 RETURN
3850 IF DFILE THEN DF=1 ELSE SOSUB CLUNK 9 DISP 9 DISP 'W NO DATAFILE IN MEMORY W" 9 SOTO 3750
3860 IF Ninputs=l THEN 51,52=0(1) ELSE 51=0(1) 9 52=0(2) ! 1st,last sets in series
3870 DISP 'SETt'jTAB (29);"207/235";TAB (38);'XErr";TAB (50);'206/238";TAB (60);'XErr';TAB (69); B RHO" 9 DISP
3880 FOR ID»S1 TO 52
3B90 IF ERRTYPE=0 THEN X(II)=S(ID,1) 9 Ex(II)=S(ID,2) 9 Y(II)=SUD,3) 9 Ey(II)=S(ID,4) 9 R(II)=S(ID,5) 9 SOTO 3930
3900 XUI)=SUD,1) 9 Y(II)=S(ID,2)
3910 IF S(ID,3)=0 OR S(ID,4)=0 THEN Ex(II),Ey(II),R(II)=0 9 GOTO 3930
3920 Ey(II)=S(ID,3) 9 Ex(II)=FNDr(SQR (Ey(II) A2tS(ID,4} A2},3) 9 R(II)=FNDr((Ex(II) A2*Ey(II) A2-S(ID,4) A2)/(2>Ex(II)$Ey(II)),4)
3930 IF X(II>*YUI)=0 THEN 3960
3940 DISP II;TAB (5);N$(ID);TAB (28);X(II);TAB (37);Ex(II);TAB (49);Y(II);TAB (59);Ey(II);TAB (67);R(II) 9 SOSUB 4080
3950 IF 11=100 THEN Edit
3960 NEXT ID



3970 DISP § IF Sc THEN RB$=Re*[l,ScJ 9 GOTO 3820 ELSE RETURN
3980 ! ' 
3990 KEYBOARD.INPUT: Kb=l § IF ERRTYPE=0 THEN 4040 
4000 IF Ninputs*2 AND Ninputsi4 THEN GOSUB BAD.INPUT * GOTO 3790 
4010 WI)=0(1) § YUI)=0<2) t IF Ninputs=2 THEN 4080 
4020 Ey(II)=Q(3) § Ex(II)=FNDr(SSR (Q(3) A2+0(4} A2> f 3) 
4030 R(II}=FNDr<<Ex<II} A2*Ey<n> A2-0<4) A2}/(2JE:t(imEy(II)),4} * 60TO 4080 
4040 IF Ninputs<2 OR Ninputs=3 OR Ninputs>5 THEN GOSUB BADJNPUT § GOTO 3790 
4050 IF Ninputs=2 THEN X(II)=Q<1} § Y(II)=0(2) § GOTO 4080 
4060 IF Ninputs>3 THEN X(II)=Q(1> 9 ExUI)=0(2) § Y(II>=0(3> § Ey(II)=0(4) 
4070 IF Hinputs=5 THEN R(I1>=0<5}
4080 IF X(II)tY(II)=0 THEN 60SUB CLUNK 9 DISP * DISP H6L* (' tttt SETI "iVAL* (Il)i' -NONZERO INPUT REQUIRED !W ") § DISP 9 DIS 
P § RETURN
4090 IF ERRTYPE OR (ExUl) A2+Ey(lI) A2>= 2tR<lI)tEx(II}*Ey(lI»t(RUi)il) THEN 4120
4100 60SUB CLUNK § DISP § IF RUDil THEN DISP HGLS ( «« ERR.-CORR. OF "IcVAL* (RUIW IS TOO HIGH Wt  ) * RETURN 
4110 DISP HGL* <" AN ERROR-CORRELATION OF 1 IMPLIES A 207/206 ERROR OF ZERO- NOT POSSIBLE. ') 9 RETURN 
4120 11=11*1 9 N=N+1 9 RETURN 
4130 !
4140 Edit: IF Kb=0 THEN 4160 ELSE CLEAR 9 DISP 'SETI'jTAB (8);'207/235";TAB (20)?"XErr';TAB <40);"206/238';TAB (52};1Err';TAB (62); 
"Rho- 9 DISP
4150 FOR I=K TO N 9 DISP I;TAB <8);XU);TAB (20);&U);TAB <40}?YU);TAB 152)jEyU);TAB t60};R(I) 9 NEXT I 9 DISP 
4160 IF Kb=0 AND DF AND Sc THEN PLOTT
4170 IF ABS (SYHBOL)=3 OR SYHBQL=5 THEN 4280 ELSE Ninputs,A=0 
4180 FOR I=K TO N 9 A=A+«Ex(I)tEy(I)=0> 9 NEXT I 
4190 IF A=0 THEN 4280
4200 IF ERRTYPE THEN DISP  XErrors: 206/238, 207/206"; 
4210 IF ERRTYPE=0 THEN DISP "X207/235-Err, 2206/238-Err [, Err.-Corr.]';
4220 DISP ' FOR SETS WITH ZERO ERRORS";? GOSUB RETRIEVE 9 IF Ninputs<2 THEN 60SUB BADJNPUT 9 80TO 4200 
4230 FOR I=K TO N 9 IF Ex(I) AND Ey(I) THEN 4260
4240 IF ERRTYPE THEN EyU)=0(l) 9 E*a)=FNDr(SSR (OU} A2*0<2) A2),3) 9 R(I}=FNDr((Ex(I} A2*Ey(I} A2-0<2) A2}/(2tE»(I)*Ey(I}},4} 9 
GOTO 4260

4250 ' Ex(I)=QW 9 Ey(I)=0<2) 9 IF Ninputs=3 THEN R(I)=0(3) 
4260 NEXT I 9 GOTO Edit 
4270 IF Kb=0 THEN PLOTT
4280 DISP 9 DISP "SET TO BE CORRECTED? CM6L* ("EMDLINE'Ji" IF OK) '; 
4290 60SUB RETRIEVE 9 1=0(1) 9 IF 1=0 THEN PLOTT ELSE 11=1 9 GOSUB 3780 § N=N-1 9 GOTO Edit 
4300 !
4310 ERROR.ELLIPSE: ! Draw error-ellipse about data-point 
4320 IF XERRd)IYERR(I) THEN XE=XERR(I> ELSE XE=!IERR<M 1.0001 
4330 ANGLE=.5*ATN (2tR(I)IXEtYERRU)/(XEA2-YERR(I} A2)) 
4340 ! ANGLE is the angle that an axis of the ellipse lakes with the X-axis. 
4350 Cl=2t(l-R(I) A2)ll.224A2 9 C2=1/COS (2IAN6LE) 
4360 Vx=XEA2 9 Vy=YERR(I) A2
4370 A=S8R ICl/(tl*C2)/Vx+(l-C2}/Vy» ! Length of iajor axis of ellipse 
4380 B=SQR (Cl/((l-C2)/Vx+U+C2)/Vy» ! Length of iinor axis of ellipse 
4390 St=A/INT <A/(Xspred/800)+l) i StBp-size, in x-direction 
4400 St=A/INT (A/St+.OOOl)
4410 SIN ANGLE=SIN (ANGLE) 9 COS.ANGL£=COS (ANGLE) 
4420 FOR K=l TO -1 STEP -2 
4430 FOR X=K»A TO -ttt(A*St>} STEP -(KISt) 
4440 IF (K<0)t(X<-<All.00001)) OR (K>0)t(X)At1.00001) THEN 4500 
4450 Z=1-(X/A) A2 9 IF Z>= 0 THEN Y=KtBtSQR (Z) ELSE 4480 
4460 RPLOT XtCOS_AN8LE-Y*SIN_AN6LE,XtSIN_ANGLEWCOS_ANGLE
4470 IF SYHBOL<0~THEN K=-K 9 RPLQT X*COS_ANaE+YJSIN_AN8LE,XtSIN.ANGLE-Y»COS_AN6LE 
4480 NEXT X
4490 IF SYHBOL<0 THEN 4510 
4500 NEXT K 
4510 RETURN 
4520 i 
4530 POLYGON: SET6U ! Dra* open or filled polygon or star-syibol



4540 IF PLOTTER_DUHP THEN POLYSIDES=SYMBOL(JJ,2) $ SOLID=SYHBQL(JJ,3) 9 POLYSIZE=SYMBOL(JJ,4) 9 POLYRGT=SYHBOL(JJ,5>
4550 FOR A=0 TO <HP AND SLD=0 AND POLYSIDES>0 AND POLYSIZE>3.5)+50*SOLID
4560 B=PSt(POLYSIZE-A/2)tPP ? S=360/ABS tPOLYSIDES) 9 E=.5-(ABS (POLYSIDES)=3)/5
4570 IF B<0 THEN SETUU 9 RETURN
4580 FOR J=POLYROT TO POLYROT+360 STEP S
4590 RPLOT BICQS <J),BISIN (J)
4600 IF POLYSIDES<0 THEN C=J+S/2 9 RPLOT EtBICOS (C),EMSIN (C)
4610 8EXT J
4620 NEXT A
4630 SETUU 9 RETURN
4640 !
4650 KEYBQARD.SYHBOL: IF PLOTTER.DUMP THEN KEYf=CHR$ (SYHBOL(JJ,2))
4660 IF KEY$='+" THEN B=1.5 9 C=ARICRT+.5*HP ELSE B=0 9 C=l
4670 IF KEY$=T THEN C=CRT+.6tHP
4680 LORB 5 9 CSIZE 3.5-HP+1.5*SLD+B,C,0 9 LABEL KEYS 9 RETURN
4690 !
4700 PLOTT: PEN CPEN ! Plot data-point syibols
4710 FOR I=K TO N
4720 IF HP THEN ALPHA C.ROHH 9 DISP J;TAB (10);X(I);TAB (20);Yd) 9 OFF CURSOR 9 60TO 4760 ELSE C_CT=1+C_CT
4730 CACHE(C_CT,l)=XfI) 9 CACHE*C_CT,3}=YU} 9 CACHE(C_CT,2)=Ex(I) 9 CACHE(C CT,4)=EyU) 9 CACHE(C_CT,5)=R(I} 9 SYHBOL(C.CT,
1)=SYHBOL
4740 IF SYMBOLS THEN SYMBOL(C.CT,2)=POLYSIDES ? SYMBOL(C_CT,3)=SOLID ? SYMBOL(C_CT,4)=POLYSIZE § SYMBOL(C_CT,5)=POLYRQT
4750 IF SYHBOL=5 THEN SYMBOL ((fcf, 2) =KY
4760 XERR{I}=X(I}*&cU)/100 9 YERRa)=Y(I)tEy(I}/100
4770 IF XIIXXHIN OR YtlXYHIN OR XUDXHAX OR YiI)>YHAX THEN 4800
4780 HOVE X<I},YU)
4790 ON ABS {SYMBOL) 60SUB RETRN ,ERROR_ELLIPSE ,POLYGON ,RETRN ,KEYBOARD_SYHBOL
4800 NEXT I
4810 IF PLOTTER_DUHP THEN RETURN ELSE MOVE XHIN,YHIN 9 PEN 0
4820 IF CRT THEN ALPHA § CLEAR 9 DISP 'PRESS "&H6L* C A/6 "Jle" TO VIEU PLOT." * DISP
4830 !
4840 ADD: NN=N 9 DISP § DISP "PRESS '&H6L* C RETAIN  }&" TO INCLUDE THESE POINTS HITH OTHERS FOR A YORKFIT." § DISP § 80SUB CLEARKE
Y
4850 DISP 'PRESS "leH6L$ i" CONTINUE'Jle' TO CONTINUE.' 9 DISP 9 DISP
4890 ON KEYI 4, 1 HELP' 60TD HELP3
4900 IF NN>1 THEN ON KEYI 5,' YORKFIT" 80TO Yorkfit
4920 ON KEY! 6,' RETAIN" BOTO RETAIN
4930 ON KEYI 7, 1 CONTINUE" 60TO PLOTDATA
5010 ON KYBD KY,ALLKEY* G05UB RETRN
5020 OFF CURSOR 9 KEY LABEL
5030 BOTO 5030
5040 RETAIN: OFF KYBD * OFF KEYI 9 II,K=N+1 * 80TO REJATA ! Add next points to exisitng sequence
5050 !
5060 !
5070 .' wwwwwmwwwwwiwwtwwwwwwwmmtw
5080 Yorkfit: ! LINE-FITTING AL80RITHH MODIFIED FROM D. YORK, EPSL V. 5, P. 320
5090! mmmmmtmtmmmtmmtmmmmmmmmmtmm
5100 !
5110 OFF KYBD 9 OFF KEYI ? CLEAR § DISP "YORKFIT:' 9 DISP
5120 XERR,YERR,RHO,NO_ERRS,NQ_RHOS*0 ! Check for zero errs & err-correls
5130 FOR 1=1 TO NN 9 NO_ERRS=NO_ERRSHEx{mEyU)=0) 9 NO RHOS=NO RHOS+(Rm=0) 9 NEXT I
5140 IF ERRTYPE=0 THEN 5180
5150 IF NO_ERRS=0 THEN 5390
5160 CLEAR"? DISP "I Errors: 206/238, 207/206 FOR SAMPLES KITH NO ASSIGNED ERRORS";? INPUT YERR,Z
5170 XERR=FNDr(SQR (YERRA2+ZA2>,3} 9 RHO=FNDr(UERRA2+YERRA2-ZA2}/(2>XERR!YERR},4} 9 GOTO 5330
5180 IF NO ERRS AND NO.RHOS THEN 5230
5190 IF NO ERRS=0 AND ND.RHOS THEN 5280
5200 IF NO ERRS AND NO,RHOS=0 THEN 5210 ELSE 5390
5210 CLEAR 9 DISP "lErrors: 207/235, 206/238 FOR SAMPLES HITH NO ASSIGNED ERRORS";? 60SUB RETRIEVE 9 IF Ninputs=0 THEN 60SUB BAD 
INPUT * BOTO 5210



5220 J(ERR=Q(1} e YERR=0<2) 9 GOTO 5330
5230 CLEAR * DISP 'Z207/235 Errs, 1206/238 Errs, Err-Corrs FOR SAMPLES KITH NO ASSIGNED VALUES'
5240 SOSUB RETRIEVE ? IF Ninputs=0 THEN 605UB BAD.INPUT * GOTO 5230
5250 XERR=Q(1) § YERR=Q(2) * RHO=0(3)
5260 IF RHQ=0 THEN SOSUB 5310 § 60TO 5230
5270 IF ABS (RHO)>1 THEN SOSUB 5320 § GOTO 5230 ELSE 5330
5280 DISP H6L$ (' ERR-CORRS FOR SAHPLES KITH ZERO ASSIGNED VALUES ');* SOSUB RETRIEVE * RHO=QU)
5290 IF RHO=0 THEN 60SUB 5310 % SOTO 52BO
5300 IF ABS (RHQ)>1 THEN SQSUB 5320 ? GOTO 5280 ELSE 5330
5310 GQSUB CLUNK § DISP 'CONCORDIA ERRORS ARE '*H6L$ C ALHAYS  )*  CORRELATED (typical values are .95-.995).  ? DISP * DISP $ HA
IT 2000 § RETURN
5320 60SUB CLUNK 9 DISP 'ERROR-CORRELATIONS MUST BE WHIN +1 AND -I 1 * DISP * DISP § WAIT 2000 * RETURN
5330 FOR 1=1 TO NN ! Assign errors to sets with zero assigned values
5340 IF Ex(I)=0 THEN Ex(I)=XERR
5350 IF Ey(I)=0 THEN Ey(I)=YERR
5360 IF R(I)=0 THEN R<I)*RHO
5370 NEXT I
5380 !
5390 IF PR=2 THEN DISP 'NAHE FOR THIS YORKFIT';? INPUT Naiett1,503
5400 PRINTER IS Pr(2> § CLEAR § PRINT § PRINT RPT* ( i t i ,32)i'YORKFIT i*RPT* Cr,33>
5410 !
5420 ! HQDEL-1 is Yorks original 'a priori' fit, assuies all scatter due to analytical error and weights points accordingly. Studen
t's-t is 1.96.
5430 !
5440 ! HQDEL-2 weights all points equally (with zero error-correlation), uses Student's-t for N-2 degrees of freedom. Equivalent to
knotting nothing about the

5450 ! actual cause of scatter, and invoked only if the MODEL-1 fit has excess
5460 i scatter.
5470 !
5480 ! HODEL-4 weights points according to their degree of discordance along the best-fit line. The errors of each point are calcul
ated froi the SUB of the
5490 ! HODEL-4 weights points according to their degree of discordance along the best-fit line. The errors of each point are calcul
ated froi the SUB of the
5500 ! variances due to analytical error and to an error-ellipse for equal X and Y errors and an error-correlation of -1 (equivalent
to increasing 207/206

5510 ! errors). The size of the added error-ellipse goes froi zero for coiletely concordant points to infinite for coapletely disco 
rdant points.
5520 ! Student's-t for HODEL-4 is for N-2 degrees of freedoi.
5530 !
5540 f
5550 IF PR=2 THEN PRINT Naae« ELSE PRINT
5560 PRINT e PRINT TAB (24);'ERRORS ARE PERCENT 2-SI6HA"
5570 PRINT 'SETI';TAB (8);'207/235*;TAB U8); BZerr';TAB (32);'206/238";TAB (42);"Xerr';TAB (54);'CORREL.';TAB (65); i X7/6err 1 e PRIN 
T
5580 Ok=0 e N=NN e Slope*.! e TQLERs.05 e p*.2 « Hsl
5590 ! Ok set to 1 if one fit coipleted; toler is IfSHD tolerance for Bodel-4 fit; p is starting error-additive for Bodel 4; K i 
s Bodeli.
5600 SlopeO-Slope ? 11=0 ! II is Yorkfit interation counter
5610 IF MM THEN DISP 'HODEL'jM;' YORKFIT...'
5620 Slope-SlopeO
5630 11=1+11
5640 IF Il>10 THEN Fail ! Give up if not converged within 10 iterations
5650 IF I1>1 AND HI2 THEN 5890
5660 IF HI4 THEN 5690
5670 ALPHA C.RON 9 FOR 2=1 TO N+4 § DISP e NEXT Z 9 OFF CURSOR 9 ALPHA C.ROK
5680 DISP TAB (5);'ZDISCORDANT';TAB (21);'ZXERR';TAB (33);'ZYERR';TAB (44)}'Z7/6ERR';TAB (58);'RHQ"
5690 FOR 1=1 TO N
5700 ON H GOTO 5710,5740,5740,5770
5710 E76(I)=SQR (Ex(I) A2+Ey(I) A2-2$R<WE):(IHEyU)) ! 2 207/206 ERR
5720 ExOU)=Ex(I) 9 EyO(l)=Ey(I) 9 RO(I)=R(I)



5730 PRINT I;TAB W;XU};TAB U7);Ex(I>;TAB i31};YfI);TAB f41);EyU);TAB (53}jR(Il;TAB (65};FNDr<E76<I},3) § 6QTO 5850
5740 6<H=1 $ Q(I)=l/SlopeA2 9 RU)=0 9 60TO 5870 ! Hodel-2 weighting
5750 !
5760 ! Hodel-4 weighting: Fd is fractional discordance
5770 IF OLD.APEX THEN Fd=SQR UX_UINT-Xm} A2+(Y_UlNT-YU}} A2}/CHQRDLEN6TH
5780 IF YOUN6.APEX THEN Fd=SQR UXJ.INT-X(1)) A2+?Y_LINT-Y(1}} A2}/CHORDLEN6TH
5790 Fi=Fd/(l-Fd) ! Multiplier for added errors according to discordance
5800 ! add variances proportional to discordance
5810 Ex(I)=SQR (ExO(I) A2Hp*Fi) A2> * Ey(I)=SQR (EyO(l} A2+(ptFi) A2)
5820 V76=£76(n A2+<p*Fi*2} A2 ! New 207/206 variance
5830 RU}=<Ex<I} A2+Ey(I} A2-V76)/f2*ExU}tEym} ! New rho
5840 DISP I;TAB (8)5FNDrUOO*Fd,3);TAB (20>;FNDr(ExU),3);TAB (32);FNDHEy(I},3};TAB (44);FNDr<SQR W76),3);TAB (56);FMDr(RU),4)

5850 QU)=U/(Y(I)tEya>/200)} A 2
5860 S(I}=(l/(XmiExU)/200)> A 2
5870 A(I)=SQR !6mt8<I)>
5880 NEXT I
5890 IF H=l AND 11=1 THEN C ROIKURSRQ* % ALPHA C ROM * AURIT RPT$ <  ',80)
5900 Sl,B5,0,E,Xbar,Ybar=0
5910 IF HM AND 11=1 THEN DISP
5920 FOR 1=1 TO N
5930 Zm=6fI}iQ(I)/(SlDpeA2tQn)+S(I}-21SlDpBtR(I}tA(I))
5940 S1=SH-Z(I) § Xbar=Xbar*Z(I)tX(I) ? Ybar^Ybar+ZdJtYa)
5950 NEXT I
5960 Xbar=Xbar/Sl 9 Ybar=Ybar/Sl
5970 FOR 1=1 TO N
5980 U=W)-Xbar 9 V=Y<I)-Ybar
5990 B5=85*(UA2/Q(I}-VA2/6(I»tZm A 2
6000 J>=D+(U>V/6a)-R(I)*UA2/A(I))tZII) A2
6010 E=E+V*(U/fi(I)-R(I}tV/Aa}}tZ(I} A2
6020 NEXT I
6030 SlopeO*85A2+4ME
6040 IF SlopeO<0 THEN Fail
6050 SlopeO=(SQR (SlopeO)-B5)/(2*D}
6060 ALPHA C.ROM 9 AKRIT "HODEL 'WAL$ («)*': Iteration 'WAL$ (Il)i' Slope='iVAL$ (SlopeO)
6070 IF ABS HSlopeO-Slope)/SlopeO}>.0001 THEN 5620
6080 SlopeiH),Slope=SlopeO 9 Inter<m,Inter=Ybar-Slope*Xbar
6090 D,E,SUHS=0
6100 !
6110 ' ERROR ALSORITHH OF TITTERIN6TON & HALLIDAY, CHEH 6EOL V 26, P 183
6120 FOR 1=1 TO N
6130 Y=Y(I)-SlopetXID-Inter 9 SUHS=SUHS+ZUWA2
6140 X=XU)-Z{I}tYI<R(I)tAU}-SlopetQQ}mS<I}t6(I}}
6150 D=DWZ(I) 9 E=£*XA2»Z(I)
6160 NEXT I
6170 !
6180 V=N-2 ! DEB. FREEDQH
6190 HSMD=(V<> 0}tSUHS/!V+(V=0)) ! Mean square of weighted deviates
6200 IF R=4 AND ABS !HSWD-1))TOLER THEN p=ptSQR (HS«D) 9 DISP "HSMD: ";HSHD 9 60TO INTERCEPTS
6210 St_t=<V<2}tl2.7*(V>l)tl.96tV/SQR (VA2-2.43*V*1.696) ! Student's-t approximation Urn Andy Turek)
6220 B3=SQR (S1/(E*S1-DA2))
6230 Fl=B3tSQR (E/S1)
6240 Sl=FltSBR (HSHB)
6250 B5=B3tSQR (HSWD)
6260 IF H>i THEN 6400
6270 !
6280 IF SUMS<80 THEN 6290 ELSE Prob=0 9 GOTO 6400
6290 D,A=1 ! Calculate chi-square probability
6300 IF INT (V/2)=V/2 THEN 6370
6310 FOR 1=2 TO 2000 STEP 2 ! V ODD



6320 J=DtSUHS/(V+I) 9 A=A+D 9 IF D<.000001 THEN 6340
6330 NEXT I
6340 D=SQR (PI }
6350 FOR I=.5 TO V/2 § D=DII & NEXT I
6360 Prob-1-EXP <-(SUMS/2m(SUHS/2) A <V/2)tA/D 8 GOTO 6400
6370 FOR 1=1 TO V/2-1 § D=DtSUMS/(2tI) & A=A+D * NEXT I ! V EVEH
6380 Prob=A*EXP (-(SUMS/2)) -
6390 !
6400 FOR Pr*l TO PR
6410 PRINTER IS Pr(Pr) * DISP 9 IF Pr=l THEN CLEAR
6420 ON M 60TO 6430,6450,6450,6470
6430 PRINT RPT$ ('-',80) 9 PRJNT "WtMODEl 1 SOLUTION   ASSUMES ALL SCATTER DUE TO ANALYTICAL ERRORWt' 9 OkM
6440 IF Prob>.15 THEN Errsl(l)=1.96*B3 9 Errint(l)=1.96tFl 9 60TO 6510 ELSE 6500
6450 PRINT § PRINT 'WtWWMDDEL 2 SOLUTION - EQUALLY WEIGHTED POINTS KITH UNCORRELATED"
6460 PRINT RPT$ Ct",19)&"ERRORS; ASSUMES NORMAL DISTRIBUTION OF RESIDUALSWtt" 9 GOTO 6500
6470 PRINT § PRINT 'ttttttm MODEL 4 SOLUTION - POINTS WEIGHTED ACCORDIN6 TO DE6REE WW" § PRINT RPTI <"i',30};" OF CONCORDAN
CE TOWARDS ';
6480 IF OLD_APEX THEN PRINT 'UPPER INTERCEPT Wt"
6490 IF YOUN6_APEX THEN PRINT "LOHER INTERCEPT Wt"
6500 Errsl(M)=St_ttB5 § Errint(M)=St_ttSi
6510 PRINT § PRINT TAB (33);"SLOPE 1 ;TAB (57):"INTERCEPT' 8 PRINT TAB (33);"-  ";TAfl (57);'     " 9 PRINT
6520 PRINT "BEST-FIT;';TAB (31);FNDr(Slope,6);TA8 (56);FNDr(Inter,6) * PRINT RPT$ ('-',80)
6530 IF M=l THEN PRINT 'ERROR (1-SI6MA, A PRIORI) ";TAB (31);FNDr(83,4);TAB (56);FNDr(Fl,4) 9 PRINT 9 MS«M=MS«D
6540 PRINT 'ERROR (1-SI6MA, FROM SCATTER) ";TAB (3D;FNDr(B5,4);TAB (56);FNDr(Sl,4) § PRINT
6550 PRINT "ERROR (952 CONFIDENCE LIMITS)";TAB (31);FNDr(Errsl(M),4);TAB (56);FNDr(Errint(H),4) 9 PRINT
6560 PRINT 'COORDINATES OF CENTROID: X=»;FNDr(Xbar,6);"Y=';FNDr(Ybar,6)
6570 Xbar(M)=Xbar 9 Ybar(H)=Ybar 9 IF MM THEN 6600
6580 PRINT 9 PRINT 'ANALYTICAL ERRORS ALONE HILL CAUSE THE OBSERVED AMOUNT OF SCATTER'
6590 PRINT "OR MORE 'iVAL$ <FNDr(100*Prob,2))&'I OF THE TIME, AS INDICATED BY THE H.S.H.D. OF"?FNDr(HS«D,3)
6600 PRINT RPT$ C-',80) 9 PRINT
6610 NEXT Pr
6620 FOR 1=1 TO NN 9 Ex(I)=ExO(I) 9 Ey(I)=EyO(I) § R(I)=RO(I) 9 NEXT 1
6630 C_ROH=CURSRON § IF M>1 THEN 6660
6640 IF Prob>.2 THEN INTERCEPTS ELSE 6890
6650 !
6660 CHOOSE MOD&S DISP 'PRESS KEY FOR MODEL-SOLUTION DESIRED.' 9 DISP USIN6 '3/' * 60SUB CLEARKEY
6710 ON KEY! 5," HELP 1 BOTO HELP4
6720 ON KEY! 6," MODEL 1" 60TO 6870
6730 ON KEY! 7,' MODEL 'iVAL$ (M) 60TO 6870
6310 ON KYBD KY,ALLKEY« 60SUB RETRN
6820 !
6830 KEY LABEL
6340 60TO 6840
6850 !
6860 OFF KEYt § M=l 9 60TQ INTERCEPTS
6870 OFF KEY! 9 GOTO INTERCEPTS
6880 !
6890 DISP "PRESS k5 FOR MODEL 2 (equal *ts for all points)' 9 DISP TAB (7);'k6 FOR MODEL 4-UI (7/6 errors increase towards loiter
intercept)'
6900 DISP TAB (7);"k7 FOR MODEL 4-LI (7/6 errors increase towards upper intercept)" 9 DISP USIN6 "3/' 9 60SUB CLEARKEY
6940 ON KEYI 4,' HELP" 60TO HELP4
6950 ON KEY! 5,' MODEL 2" GOTO 7090
6960 ON KEYI 6,"MODEL 4-UI" GOTO 7100
6970 ON KEYI 7,'MODEL 4-LI" GOTO 7110
7050 ON KYBD KY,ALLKEY$ 60SUB RETRN
7060 KEY LABEL
7070 !
7080 GOTO 7080
7090 OFF KEYI 9 OFF KYBD § M=2 9 GOTO 5600
7100 - OLDAPEX=1 9 YOUN6APEX=0 9 GOTO 7120



7110 OLD_APEX=0 § YOUN6_APEX=1
7120 OFF~KEYt § OFF KYBD § «=4 * Slope=31ope(l) § Inter=Inter(l) * 60TO CALC.INTERCEPTS 
7130 INTERCEPTS: Slope=Slope(H} § Inter=Inter(«) * OFF KYBD 
7140 !
7150 CALCJNTERCEPTS: R=CURSROH * DISP 'CALCULATES CHORD-INTERCEPTS.....' * OFF CURSOR 
7160 FOR J=0 TO 1
7170 Tl=-500+5500« ! 1st Trial-T is -500 Ha (lower-int) or 5500 Ha (upper) 
7190 C=FNC(T1) § X=(Inter+C»FNA(Tl)-FNB(Tl))/(C-Slope)
7190 IF X<-1 THEN NOJNTER ELSE T=FND(X) * ALPHA R,42+JW § AHRIT VAL* (INT (T))i" ' 
7200 IF ABS (T-T1K.01 THEN Cint(J+l)=T ELSE T1=T § GOTO 7190 
7210 NEXT J
7220 IF «<4 OR ABS (NSHD-1KTOLER THEN 7260
7230 X_UINT=FNA(Cint<2)) * YJJINT=FNB(Cint(2)) * X_LINT=FNA(Cint(l)) § Y_LINT=FNB(Cint(D) ! x & y values or concordia-intercepts 
of chord.

7240 CHORDLEN6TH=SfiR ((X_UINT-X_LINT) A2+(YJ)INT-YJ.INT) A2) § 60TO 5600 
7250 !
7260 ! Calculate concordia-intercept errors           
7270 R=CURSRO« +1 ? ALPHA R,l ? DISP 'CALCULATINB ERROR-ENVELOPE INTERCEPTS..." 
7280 Errsl=£rrsl(H) ? Errint=Errint<«) 
7290 Xbar=Xbar(«) ? Ybar=Ybar(H) 
7300 FOR J=3 TO 6
7310 Tl=7000t(J>4)-1000 § A=1-2XJ/2IINT (J/2)) % I=INF 
7320 BOSUB ERRCALC * Cint(J)=T 
7330 HEXT J ? 60TO PRINTJOLUTION
7340 ERRCALC: ! Calculate concordia-intercepts of error-envelope about line 
7350 S=FNC(T1) ? B=FNB(Tl)-StFNA(Tl)-Inter 
7360 D=2t(Bt(S-Slope)^bartErrsr2) ? E=(S-Slope) A2-Errsl A2 
7370 6=DA2-4*E*(BA2-ErrintA2) ? IF 6<0 THEN NO.ENV.INTER 
7330 X=(A*SQR (6)-D)/(2tE) ? IF X<-1 THEN NOJNV.INTER
7390 T=FND(X) ? ALPHA R,42+(J-3)t7 * AHRIT VAL$ [iNT (T))&"   ? IF ABS (T-T1)>I THEN NOJNV.INTER 
7400 IF ABS (T-T1X.01 THEN RETURN ELSE I=ABS (T-T1) ? T1=T | BOTO ERRCALC 
7410 !
7420 PRINT.SOLUTION: ALPHA C.ROH ? Cint(7)=FNDr(ABS (Cint(4)-Cint(3))/2t(Cint(3)*Cint(4)tO),2) 
7430 Cint(8)=FNDr(ABS (Cint(i)-Cint(5))/2XCint(5)tCint(6)IO),2)
7440 PRINT § PRINT TAB U2>;'<««« HODEL';«?' CONCQRDIA-INTERCEPT SOLUTION »»»»' § PRINT ? PRINT 
7450 A,B,D1,D2=1
7460 IF Cint(7) THEN A=10AINT (LBT (ABS <Cint(7))H 
7470 IF Cint(8) THEN B=10A INT (LBT (ABS (Cint(8)))) 
7480 IF Cint(l) THEN D1=1-INT (LBT (ABS (A/Cint(l)))) 
7490 IF Cint(2) THEN D2=1-INT (LBT (ABS (B/Cint(2)))) 
7500 PRINT 'LONER INTERCEPT: »;8 IF Cint(l) THEN PRINT FNDr(Cint(l),Dl); 
7510 IF Cint(l) AND Cint(7) THEN PRINT » */-'jCint(7);'Ha'jELSE PRINT 8 «a'; 
7520 IF Cint(3)=0 AND Cint(4)=0 THEN PRINT aSE PRINT TAB (52);'( "; 
7530 IF Cint(3) THEN PRINT '>';FNDr(Cint(3),DD; 
7540 IF Cint(4) THEN PRINT '<";FNDr(Cint(4),DD;')" ELSE PRINT ')" 
7550 PRINT 'UPPER INTERCEPT: "}$ IF Cint(2) THEN PRINT FNDr(Cint(2),D2); 
7560 IF Cint(2) AND Cint(8) THEN PRINT " +/-"?Cint(8)?'«a";ELSE PRINT 'Ha'; 
7570 IF Cint(5)=0 AND Cint(6)=0 THEN PRINT ELSE PRINT TAB (52);'( *; 
7580 IF Cint(5) THEN PRINT  >';FNDr(Cint(5),D2); 
7590 IF Cint(6) THEN PRINT i <";FNDr(Cint(6),D2);")" ELSE PRINT  )" 
7600 PRINT ? PRINT '(UNCERTAINTIES ARE 95X-CONFIDENCE LIMITS)' 9 PRINT RPT* C-',30) 
7610 NCHDRDS=i^CHORDS § BOSUB DRAULINE ? BEEP * IF CRT THEN LABEL INTERCEPTS 
7620 !
7630 DISP ? DISP 'PRESS *iHBL$ C LABEL INT. ')&' FOR PLOT-LABEL OF INTERCEPTS.' 
7640 DISP ? DISP 'PRESS '&H6L$ (" CONTINUE ')&' TO DECLINE.' ? DISP US1N6 »3/» ? SOSUB CLEARKEY 
7700 ON KEYt 6,'LABEL INT.' BOTO LABEL.INTERCEPTS 
7710 ON KEYt 7,' CONTINUE' BOTO 7960 
7790 ON KYBD KY,ALLKEY* BOSUB RETRN 
7800 KEY LABEL 
7810 SOTO 7810



7820 !
7830 LABEL.INTERCEPTS: OFF KEYI t OFF KYBD 
7840 CS=THT * »=CStARia-.25*HP) 9 MOVE XHAX,YHIN % SET6U 
7850 IF Cinti2) THEN I1$=VAL$ {FNDr(Cintl2),D2}) ELSE I1$="W" 
7860 IF CintU) THEN I3$=VAL$ <FNDr<CintU>,Dl)} &SE I3$="»»" 
7870 IF Cint(8) THEN I2S=VAL$ (CinUS)} ELSE I2$="W" 
7880 IF Cintm THEN I4$=VAL$ (Cint(7)) ELSE 14$='W" 
7890 L1=LEN Ul«) 9 L2=L£N U2O 9 L3=LEN 113$) 9 L4*LEN <I4*) 
7900 NCARM4+LH-L2+L3+L4 9 CSI2E CS,AR 9 LOR6 1
7910 IHOVE -UNCARM4fO»HP}/2«},3.5tCS»NCHORDS-CS/2 9 LABEL 'INTERCEPTS AT"
7920 IMOVE -UNCAR-15)/2M,0 9 LABEL 11$ § IHOVE (.5+0»HP+Ll)IW,CS 9 SOSUB PH 9 IHOVE <1+OIHP)«/2,0 § LABEL I2$i" and "&I3$ 
7930 IHOVE {L2*L3*5.5+OtHP)tt,CS 9 60SUB PH 9 IHOVE <.5+OIHP)«,0 t LABEL I4*i' Ha'
7940 SETUU 9 HOVE XHAX,YHIN 9 SET6U 9 IHOVE -UNCARH2)/2W,3.5tCStNCHORDS-2.5ICS 9 LABEL   <MSHD='WALI (FNDrfHSWMjSm 1 )' 
7950 !
7960 OFF KYBD 9 OFF KEYI 9 DE6 9 SETUU 9 MOVE XHIN,YHAX $ PEN PLR=1 9 ALPHA 
7970 !
7980 GOTO ADD 
7990 !
8000 Fail: PRINT 9 PRINT 'DATA CANNOT BE FIT TO A STRAIGHT LINE USINB HODEL'jH 9 PRINT 9 PRINT 9 60SUB CLONK 
8010 IF Ok=0 THEN 7980 
8020 IF HM THEN H=2 9 80TO 5600 
8030 IF H=2 THEN H=l 9 6QTO 7130 
8040 !
3050 Nfl.INTER: PRINT  »«« CHORD DOES NOT HAVE TWO CQNCORDIA INTERCEPTS «»«' 9 PRINT 9 Cint<H-J)=0 9 80TO 7210 
8060 NO.ENV.INTER: PRINT 9 PRINT 'tWI ARH";J-2;"OF ERROR-ENVELOPE DOES NOT INTERSECT CONCORDIA WH' 9 PRINT 9 T=0 9 RETURN 
8070 END 
8030 !
8090 PRINT PLOT: ! Duip CRT-plot to printer
8100 CLEAR 9 DISP "PRESS '&H6L* I" 8 ')*  FOR 82905 PRINTER, "&HSL* i" 2 ">f FOR 2673 PRINTER.' 
8110 ON KYBD KY,'1234567890" 60TO 8130 
3120 60TO 8120
8130 OFF KYBD 9 PRINTER IS 701,80 9 K=KY-48 
8140 IF K=8 THEN DUHP GRAPHICS 
8150 IF K=2 THEN DUHP GRAPHICS 0,0,0,1 
3160 IF KiS AND KI2 THEN 60SU8 CLUNK 9 GOTO PRINT PLOT 
8170 PRINTER IS PM2) § BOTO RE.DATA 
3180 !
8190 DRAHLINE: IF CRT THEN LINE(NCHORDS,D-Slope * LINE(NCHORDS,2>=Inter 
8200 CLIP XHIN+X5pred/100JHAX-X5pred/35,YHIN+Yspred/100JHAX-Y5pred/35 
8210 IF SQLIDCHORD=0 THEN LINE TYPE NCHORDSH 
8220 HOVE XHIN,MINIS!ope+Inter V PEN CPEN 
3230 DRAW XHAX,XHAXISlope+Inter 
8240 HOVE XHIN,YHIN 9 LINE TYPE 1 
3250 CLIP XHIN,1(HAX,YH!N,YHAX * RETURN 
8260 !
8270 LETTER: CLEAR 9 SETUU 9 UNCLIP * Draft a phrase on the plot 
8280 IF PLOTTER.DUHP THEN 8330 
8290 DISP 9 DISP "PRESS "iELU" TO ESCAPE" 9 DISP
8300 DISP 'CHAR.-HEIGHT IN n (tick labels are';FNDr(THT»Yii/YLOC/2,2);') [, SLANT (0-30) [, ROTATION]]'; 
8310 80SUB RETRIEVE ? IF Ninputs=0 THEN RE.DATA 
8320 H*0(l} 9 SL=0(2> 9 ROT=0(3)
8330 PEN CPEN 9 CS»2tH«YLOC/YM 9 INARtCSIU-HP/3.1) 9 CSIZE CS,AR,SL 9 LDIR ROT 
8340 IF HP THEN 8380
8350 DISP 9 DISP 'ENTER COORDINATES IX, Y) OF LOKER-LEFT CORNER OF PHRASE" 
8360 60SUB RETRIEVE § IF Jlinput5<2 THEN BOSUB BADJNPUT 9 GOTO 8350 
8370 JMH1) 9 Y=0(2) 9 PEN CPEN § 60TO 8400
8380 IF PLOTTER DUHP THEN 8400 ELSE DISP 9 DISP "POSITION PEN UITH PLOTTER-CONTROLS, THEN PRESS '&H6L* (' CONT ") 9 PEN CPEN 
* PAUSE

8390 CURSOR U 
3400 HOVE X,Y 9 LQR6 1



8410 IF PLOTTER_DUMP=0 THEN DISP 9 DISP 'PHRASE TO BE DRAFTED';? LINPUT PHRASES
8420 L=LEN (PHRASE*) * SET6U 9 IF HP THEN 8450
8430 NPHRASES^l+NPHRASES 9 LETTER*(NPHRASES)*PHRASE* 9 LETTER(NPHRASES,1)*X 9 LETTER(NPHRASES,2)=Y * LETTER(NPHRASES,3)*H *
LETTER(NPHRASES,4)=SL
8440 LETTER(NPHRASES,5)=ROT 9 IF CPEN=-1 THEN NPHRASES=NPHRASES-2
8450 IF POS (PHRASE*,"\ 8 )=0 AND POS (PHRASE*, §A")=0 AND POS (PHRASES,"+/-")=0 THEN LAB& PHRASE* 9 60TO 8530
8460 IF 0(3)10 THEN 60SUB CLUNK 9 DISP $ DISP "SORRY, YOU CAN'T USE \, A , OR +/- SYMBOLS KITH NONZERO ANBLES." 9 DISP 9 SOT
0 LETTER
8470 FOR 1=1 TO L
8480 IF DL-2 THEN 8500
8490 IF PHRASE*[I,I+2;i='+/-' THEN 60SUB PM 9 1=1+2 9 60TO 8520
8500 AMPHRASE*EI,I]="A ')-(PHRASE*EI,I]=1 \")
8510 IF A=0 THEN LABEL PHRASE*[I,I] * IMOVE H,CS ELSE IHOVE. 0,A*CS/4
8520 NEXT I
8530 LDIR 0 9 PEN PLQTTER.DUMP 9 SETUU * IF PLQTTER.DUMP THEN RETURN ELSE 8290
8540 PM: IMQVE 0,.13$CS 9 LABEL  +" 9 IMOVE 0,.62tCS 9 LABEL '-" 9 IMQVE »,1.25tCS § RETURN ! +/- synbol
8550 !
8560 DATAFILE: CLEAR 9 DISP 'NAME OF DATA-FILE TO BE RETRIEVED?'
8570 DISP 9 DISP '(to get a disk catalog, enter 'iH6L* (' C ')&" for drive 0, B fcH6L* (' c ")*" for drive I) 1 9 DISP § INPUT FILE*
8580 IF FILE*=*C" THEN CAT ':D700" 9 SOTQ 8600
B590 IF FILE*="c" THEN CAT ':D701' ELSE 60TO 8620
8600 DISP * DISP 'PRESS "fcHSL* (" CONT ')&' TO CONTINUE.' 9 PAUSE
8610 60TO DATAFILE
8620 IF ERRTYPE<0 THEN 80SUB ERRORS
8630 ON ERROR 60TO URQN6FILE
3640 INTEGER CLN(5)
8650 ASSIGN! 1 TO FILE* ? ON ERROR 80TO YORVERT
8660 READ! 1,1 ; Nt(l),XXO* OFF ERROR
8670 !
86801 timmmm RETRIEVE nus NUMERIC DATA-FILE ROMS FROM TAPE mmmt
8690 DISP 9 DISP 'COLUMN Is FOR 207/235,';
8700 IF ERRTYPE THEN DISP '- 206/23B [,Z6/8-Err3 [, 27/6-Err]";
8710 IF ERRTYPE=0 THEN DISP ' [ZErr,] 206/238 [,ZErr3 C, Err-Correl] 8 ;
8720 60SUB RETRIEVE 9 MAT CLN=2ER 9 IF ERRTYPE=0 THEN 8770
8730 IF Ninputs=2 THEN CLN(1)=OU) 9 CLN(2)=Q(2) ? 8QTO 8800
8740 IF NinputsM THEN MAT CLN*0* 6QTQ 8800
8750 IF Ninputsi2 AND Ninputsi4 THEN GOSUB BAD.INPUT * 80TO 8700
8760 !
8770 IF Ninputs=2 THEN CLNU)=fl(l) * CLN(3)=0(2)
8780 IF Ninputs>3 THEN MAT CLN=0
8790 IF Ninputs<2 OR Ninputs>5 OR Ninputs=3 THEN 80SUB BADJNPUT 9 SOTO 8690
8800 CLEAR 9 PRINT 'SETI';TAB (8);'NAME 1 ;TAB (27);"207/235";
8810 IF ERRTYPE THEN PRINT TAB (4i);"206/238";TAB (55); i 26/8-Err";TAB (69); f Z7/6-Err"
8820 IF ERRTYPE=0 THEN PRINT TAB (SSJj'XErr'jTAB (48);"206/238';TAB (59);"ZErr";TAB (70);'RHO"
3830 PRINT § 80SUB NAMEBLANK 9 MAT S=ZER
8840 ON ERROR 80TO 8940
8850 FOR 1=1 TO 100
8860 READ! 1,1 ; N$(I),nO
8870 FOR J=l TO 5-ERRTYPE
8880 IF CLN(J) THEN S(I,J)=H(CLN(J))
3890 mi J
8900 PRINT I;TAB (6);N*(I);TAB (26)j
8910 IF ERRTYPE THEN PRINT S(I,1);TAB (41);S(I,2);TAfl (55);S(I,3);TAB (69);S(I,4)
8920 IF ERRTYPE^O THEN PRINT S(I,1);TAB (37)?S(I,2);TAB (47);S(I,3);TAB (5B);S(I,4);TAB (68);S(I,5)
8930 NEXT I
8940 SQTO 9640
8950 ?
8960 YORVERT: ! CONVERT VISICALC FILES TO 100X5 ARRAYS FOR PLOTTINS/YORKFIT
8970 !
8980 OFF ERROR
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8990 DIM VC$t243,I$E203,J$E203,PA$(5)E73
9000 IF ERRTYPE=0 THEN PA*(1)="207/235" 9 PA$(2)='X7/5Err' 9 PA$(3)='206/238' § PA$(4)='I6/8Err' 9 PA$(5)= a Rho"
9010 IF ERRTYPE THEN PA$(l)='207/235' 9 PA*(2)='206/238' 9 PA$(3)='Z6/8Err' 9 PA$(4)=»X7/6Err'
9020 CLEAR 9 DISP "INPUT BEGINNING, ENDING ROM-NUMBERS CONTAINING SAMPLE-DATA';* GOSUB RETRIEVE
9030 IF Ninputst2 THEN 6DSUB BADJNPUT 9 GOTO 9020 ELSE RMIN=Q(1) 9 RMAX=Q(2)
9040 COLINPUT: DISP 9 DISP '(press 'iELSi" for CDlum-naw listinq)'
9050 DISP 9 DISP 'INPUT COLUMNS FOR: 207/235, ";
9060 IF ERRTYPE=0 THEN DISP 'EZErr,3 206/238 E,XErr3 E, Rho(X-Y)3»;$ GOTO 9080
9070 IF ERRTYPE THEN DISP '206/238 I,X6/8-Err3 E, Z7/6-Err3";
9080 GOSUB RETRIEVE.STR 9 IF Ninputs=l THEN GOSUB BADJNPUT 9 GOTO COLINPUT ELSE NCOL5=Ninputs
9090 IF NCOLS^O THEN GOSUB CDLUMN.NAMES 9 GOTO 9050
9100 FOR 1=1 TO 5-ERRTYPE
9110 IF NUM (Of U)»47 AND NUN (Of <I)K59 THEN GOSUB CLUNK 9 DISP 9 DISP 'tit COLUMNS ARE DESIGNATED BY LETTERS (e.g. M, B, AK...
) W 9 DISP 9 GOTO 9040 * ' '
9120 NEXT I

9140 FOR 1=1 TO RMAX-RMIN+1 ! ZERO ALL ARRAY-ELEMENTS
9150 FOR J=l TO 5 9 SU,J)=0 9 NEXT J
9160 NEXT I
9170 ALPHA 1 9 CLEAR 9 DISP 'CONVERTING VISICALC FILE....' 9 NUMVALS=0
9180 GOSUB NAMEBLANK * ASSIGN! 1 TO FILE! 9 MAT S=ZER 9 DISP 9 C_RQ«=CURSRQH 9 GOTO 9270
9190 !
9200 VC STRINGS: READI 1 ; VC« OFF ERROR 9 ALPHA C.RO«,1 9 AHRIT VCfi' '
9210 IF VC$Il,13i'>» THEN NEXT I
9220 A=1+POS (VC$,':'J ! STRING POSITION WHERE DATA STARTS
9230 E=NUM (VC$EA,A3) 9 IF E=34 OR E=39 THEN A=A*1 ! 1st DATA-CHAR.
9240 B=NUM (V«E3,33) 9 D=NUM (VC$E2,23) 9 C=3+(B>64 AND B<91) f C is 1st row-! char.
9250 VCRO«=VAL (VC$IC3) 9 RETURN ! VISICALC ROK-i
9260 !
9270 FOR 1=1 TO 3150
9230 ON ERROR GOTO FINISH
9290 GOSUB VC.STRINGS 9 IF VCRQKRMIN THEN FINISH
9300 IF VCRO«)RMAX THEN GOTO NEXTJ ELSE RQ«N=VCROH-RMIN+1 ! SAMPLEI
9310 IF C=3 THEN CQLN=D-66
9320 IF C=4 THEN CQLN=24+26t(D-65)+B-64
9330 IF CDLN=-1 THEN L=LEN (VC$) 9 N$(RQWW1,93=VC*EA,L-13 9 ALPHA C.RO»,L+4 9 AHRIT N$(ROKN)i' ' 9 GOTO NEXTJ
9340 IF COLN=0 THEN N*(RO«N)E10,183=VC$EA,LEN (VC$>-13 9 GOTO NEXTJ "
9350 V$=VC$E2,C-13
9360 FOR PARNUM=1 TO NCDLS
9370 F,R=0 9 GOSUB EXTRACT 9 IF F THEN 9390
9380 IF R THEN NEXTJ
9390 NEXT PARNUM
9400 GOTO NEXTJ
9410 !
9420 NAMEBLANK: FOR 1=1 TO 100 9 N$(I)=" 9 NEXT I 9 RETURN
9430 !
9440 EXTRACT: ! EXTRACT NUMERIC VALUES FROM VISICALC STRING
9450 IF V$IO$(PARNUM) THEN F=l * RETURN ! IF NOT CORRECT COLUMN
9460 IF ERRTYPE THEN COLN=PARNUM 9 GOTO 9480
9470 IF PARNUM=2 AND NCOLS=2 THEN COLN=3 ELSE CDLN=PARNUM
9480 ON ERROR GOTO 9520
9490 A=VAL (VC$EA3) 9 OFF ERROR 9 S(RO«N,COLN)=A 9 R=l
9500 ALPHA C_RQH,41 9 OFF CURSOR
9510 DISP »SAMPLEI";ROHN;" a ;PA$(COLN};" =';A
9520 OFF CURSOR § OFF ERROR 9 RETURN
9530 !
9540 NEXTJ: NEXT I
9550 FINISH: OFF ERROR 9 CLEAR 9 PRINT ' SETI";TAB (29),*'207/235';
9560 IF ERRTYPE=0 THEN PRINT TAB (38);'XErr';TAB (50};"206/238»;TAB <60);'ZErr a ;TAB (70);'RHO' 9 PRINT 9 GOTO 9580
9570 IF ERRTYPE THEN PRINT TAB (42);'206/238';TAB (55);'I6/8-Err';TAB (68>; iU/6-Err' 9 PRINT



9580 ON ERROR GOTO 9630
9590 FOR 1=1 TO RMAX-RMIN+1
9600 PRINT I;TAB (5);N$(I);TAfl (28);SU,i);
9610 IF ERRTYPE=0 THEN PRINT TAB (37>;FNDr(SU,2),3);TAB (49);SU,3);TAfl (59);FNDr(S(I,4),3);TAB (67);S(I,5) 9 6DTO 9630
9620 IF ERRTYPE THEN PRINT TAB (41>;S(I,2)jTAfl (54);S(I,3);TAB (67);FNDr(S(I,4),3)
9630 NEXT I
9640 OFF ERROR 9 DFILE=1 9 DISP 9 DISP 'PRESS 'fcH6L$ C CONT  >&" TO CONTINUE' 9 PAUSE
9650 ALPHA 1 9 CLEAR 9 KEY LABEL 9 RETURN
9660 WRON6FILE: SOSUB CLUNK 9 DISP 9 DISP "W FILE ";FILE$?" NOT REC06NIZED ON SPECIFIED DISC; TRY AGAIN W 9 DISP 9 WAIT 10
00 9 6DTO DATAFILE
9670 CONT.DIF: ! SOLUTION FOR COUPLED Pb-Rn DIFFUSION FROM HOM06ENEOUS U-BEARIN6 RESIGN INTO U-Pb-Ra FREE RESIGN.
9680 DISP 'A6E Ma), Rn/Pb DIFFUSION RATIO/1E10";* INPUT T,R* R=Rt10000000000
9690 L0=66200000 9 Z=137.88 ! LAMBDA Rn, 238/235&PEN CPEN
9700 FOR 1=1 TO 100
9710 I1*.0000001t(CDS «.9tI)+WEXP (11.15) * RO=RIL1
9720 K4=L8/(LO*RO-L8) 9 Kl=LOtK4/(Ll-L8) 9 K2=-(LOtK4/(Ll-LO-RO)) 9 K3=-K1-K2
9730 X=L5/<L1-L5)I(1-EXP UL5-LMT)) 9 A=(L8-LO-ROW
9740 IF A>-227 THEN C=K2tEXP (A) ELSE C=0
9750 Y=KHC+K3*EXP ((L8-L1W)
9760 IF 1)1 THEN DRAW X,Y ELSE MOVE X,Y
9770 NEXT I
9780 MOVE XHIN,YHAX 9 BEEP 9 CLEAR 9 GOTO PLABEL
9790 !
9800 PLOTBOXJIZE: A,B-0 ! CALCULATE LIMITS FOR PLOT DEFINED BY BOX-SIZE
9810 RATIQ_=(LiHX2-LIHXl)/(LIMY2-LIHY1}
9820 IF RATIO.)! THEN Bgu=100 9 A=l 9 60SUB A6U 9 60SUB B6U
9830 IF RATIO.<s 1 THEN Agu=100 9 B=i 9 SOSUB BSU 9 SOSUB ASU
9840 ON ERROR GOTO 9890
9850 LIMIT A1,A2,B1,B2
9860 IF (C=0)i(RATIO >1 EXOR RATIO.)!) THEN C=i * 60TD PLOTBOX.SIZE
9870 OFF ERROR 9 LIMX1*A1 9 LIMX2=A2 9 LIHY1=B1 9 LIHY2=B2 9 RETURN
9880 !
9890 OFF ERROR 9 SOSUB CLUNK 9 DISP 9 DISP "Wl INSUFFICIENT ROOM FOR LABELS KITH SPECIFIED PLOTBOX-LIMITS Wt' 9 DISP 9 DISP 9 B
OTO 1560
9900 !
9910 ASU:
9920 H6yMLIMY2-LIMYl)/(Bgu-YL-YEND) ! iilliaeters/SU in Y-direction
9930 YL_«M=YLtM6y 9 YEND_MM=YEND«MSy
9940 B1*LIMY1-YL.MM 9 B2=LIHY2*YEND_HM
9950 IF A THEN Agu=XL+XEND+100*(LlMX2-LlMXl)/(B2-Bl)
9960 RETURN
9970 !
9980 BSU:
9990 M6x=(LIMX2-LIMXl)/(Agu-XL-XEND) ! iilliieters/SU in X-direction
10000 XL_HM=XLIM6x 9 XEND_MH*XENDtM6x
10010 A1=LIMX1-XL_MM 9 A2=LIHX2*XEND_HM
10020 IF B THEN Bgu=YL+YEND*100<(LIMY2-LIMYl}/(A2-Al)
10030 RETURN
10040 COLUMNJAHES:
10050 ! SUBROUTINE TO FIND AND LIST COLUMN-NAMES OF VISICALC FILES.
10060 ! ASSUMES THAT COLUMN-NAMES ARE UNDERLINED WITH REPEATING '=", SO THAT
10070 f THE VC-STRIN6 IS */-= , AND THAT ROWS 3 AND 4 CONTAIN THE COLUMN-NAMES
10080 ! ALSO ASSUMES A 9-CHARACTER COLUMN-WIDTH.
10090 DIM CN$(61,2)E93
10100 !
10110 ALPHA 1 9 CLEAR 9 C_RQW=CURSRQW 9 W*'
10120 DISP 'Locating colum-naie TONS. Please wait..."
10130 FOR 1=1 TO 61 9 CN$(I,1),CN$(I,2)=B$ 9 NEXT I
10140 ASSIGN! 1 TO FILE* 9 ON ERROR 60TD 10180
10150 FOR 1=1 TO 3150
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10160 READI 1 ; VC$* IF PQS (VC$,"/-=") THEN 10190
10170 NEXT I
10130 OFF ERROR * DISP * DISP H6L$ (' NO '/-=' VISICALC-CELLS FOUND - CAN'T FIND NAHES ') * D1SP * DISP * RETURN
10190 ALPHA C_RON * CLEAR
10200 FOR 1=1 TO 3150
10210 ON ERROR 60TO 10300 9 60SUB VC_STRIN6S
10220 ON H-(VCRO«>4)+2*(VCROW<3) SOTO 10230,10280,10300
10230 IF C=3 THEN COLN=D-66
10240 IF C=4 THEN COLN=24+26*(D-65)+B-64
10250 IF COLN<1 THEN NEXT.I
10260 IF VCRO»=3 OR VCROHM THEN P=POS (VC$,CHR$ (13) > * CN$(COLN,VCROK-2>=TRIH$ (VC$[A,P-1])
10270 !
10280 NEXTJ: NEXT I
10290 !
10300 CLEAR * PRINT 'COLUHN';TAB (10);"CQLUMN-NAHE" * PRINT
10310 FOR 1=1 TO 61
10320 IF K25 THEN I*=CHR* (1+66)
10330 IF I>24 AND K51 THEN U="A'iCHR* (1+40)
10340 IF 1)50 THEN If="B"iCHR$ (1+14)
10350 IF LEN (CN$(I,1))=0 AND LEN (CN$(I,2))=0 THEN 10380
10360 IF CN*U,1)=B* AND CN*U,2)=B$ THEN 10380
10370 PRINT   ";I$;TAB UO);CN$(I,i);TAB (20);CN$(I,2)
10380 NEXT I
10390 PRINT * PRINT * RETURN
10400 !
10410 DUMP.TO.PLOTTER: OFF KEYI § OFF KYBD ! Transfer CRT-plot to HP-7470A plotter
10420 CLEAR * DISP "Press "&H6L$ (' ENDLINE  )*' to confin duip of CRT-p'lot to plotter,   * DISP 'enter any nuaber to decline."
10430 SOSUB RETRIEVE 9 IF Ninputs>0 THEN REJATA
10440 CPEN=1 ? SPEED$='VS' 9 PLOTSIZE=8 '« PLOTTER.DUHP,HP=1 ? CRT=0 * PLR=705 ? BOSUB 1600 * CLEAR 8 C_ROH=CURSRO« +1
10450 FOR JJ=1 TO C.CT
10460 K,N=1 ? X(K)=CACHE(JJ,1) § Y(K)=CACHE(JJ,3) ? ExiK)=CACHEiJJ,2) « Ey(K)=CACHE(JJ,4) § R(K)=CACHE(JJ,5) § SYHBOL»SYHBOLWJ,1)

10470 BOSUB PLOTT
10480 UEXT JJ
10490 !
10500 FOR 1=1 TO NCHORDS
10510 Slope=LlNEU,l) § !nter=LINEU,2) * BOSUB DRAWL INE
10520 NEXT I
10530 !
10540 FOR JJ=1 TO NPHRASES
10550 PHRASE$=LETTER$(J3) 9 X=LETTER(JJ,1) 9 Y=LETTER(JJ,2) 9 H=LETTER(JJ,3) 9 SL=LETTER(JJ,4) 9 ROT=LETTER(JJ,5) 9 BOSUB LETTER
10560 NEXT JJ
10570 PLOTTER_DUMP=0 9 BOTO RE_DATA
10580 !
10590 HELP: OFF KYBD 9 OFF KEYI 9 CLEAR ! Display instructions for special-function keys.
10600 DIM DFl$[2],DF2*UO],DF3$C60],DF4*C60],DF5$t603
10610 PRINTER IS 1 9 PRINT TAB (16);H6L$ (" FUNCTIONS OF KEYS DEFINED DURIN6 LAST DISPLAY:  ) 9 PRINT 9 PRINT
10620 RETURN
10630 !
10640 PRINT.HELP: OFF KEYI
10650 FOR 1=1 TO NUM_KEYS
10660 READ DF1*,DF2$,DF3$,DF4$,DF5*
10670 PRINT 'KEY*  WFlljTAB (9); 1 - i &DF2$i i : i ;TAfl (23);DF3$
10680 IF DF4«" THEN PRINT TAB (23);DF4$
10690 IF DF5$t" THEN PRINT TAB (23);DF5$
10700 PRINT
10710 NEXT I
10720 PRINT 9 PRINT 'Use 'iHBLI (' ROLL ')&' key to scroll display, press '&H6LI C CONT ')fc' to return to previous display.'
10730 PAUSE 9 RETURN
10740 !
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10750 HELP2: 6QSUB HELP § RESTORE 10760 9 NUH.KEYSM6 § BOSUB PR1NT.HELP 9 BQTQ RE DATA
10760 DATA '!',LETTER,Draft a phrase anywhere on the plot.,","
10770 DATA '2",'OPEN Eel 1",Choose an open (unfilled) 2-sigia error-ellipse as the,plotting syibol.,"
10780 DATA '9',SOLID Eell,Choose a solid (filled-in) 2-sigia error-ellipse as the,plotting-syibol., IB
10790 DATA '4",POLY60N,Choose an open or solid polygon (either regular or,star-shaped) of arbitrary size & orientation as the,piotti
ng-syibol.
10800 DATA '7",YORKFIT,Calculate a York-style best-fit line to the last-,"plotted set of data, starting with set! 1. Also"
10810 DATA 'calculates isochron age, if appropriate.'
10820 DATA '10',PEN l,Use pent 1 (plotter) or solid-line (CRT).,","
10830 DATA '3',PEN 2,Use pent 2 (plotter only).,","
10840 DATA '12',ERASE PEN,Use 'erasing pen' to un-draw syibols or letters,(CRT only).,"
10850 DATA '13',7ERRORS?,'Choose error-foriat: default is 206/238 lerrors, 207/235','lerrors, err.-correl. Optional is 206/238 Xerr
ors,',"207/206 lerrors.'
10860 DATA '8',CONT.DIFF.,Calculate and draw a continuous-diffusion curve for,coibined Pb and interiediate-daughter leakage.,"
10870 DATA '11',PRINT PLOT,Duip the CRT plot to an HP-82905B or 2673 printer.,","
10880 DATA '3',HPLOT DUMP,'Duip the CRT plot to an HP-7470a plotter,using a','plot-size of 8, pent 1, and fastest pen-speed. 1 ,"
10890 DATA '6',REDRAH,Start another plot froi scratch.,","
10900 DATA '14',DATAFILE,Bring data froi either a nuieric or VISICALC data-file,into leiory.,"
10910 DATA "V+tOX ...'.Use any keyboard-key syibol as the plotting-syibol.,","
10920 DATA ",CTL S,Use a solid line instead of a dashed line for concordia,chords.,"
10930 !
10940 HELP1: BQSUB HELP * RESTORE 10960 9 NUM.KEYS=14 ? BOSUB PRINT HELP ? BOTO BE6IN
10950 !
10960 DATA "1",0 CTICKS,Use siall circles as concordia ticks and label the,concordia ticks horizontally.,"
10970 DATA »2',CRT-PRINT,'Use the CRT as the printing device, rather than a',hard-copy printer.,"
10980 DATA '3',CRT PLOT,'Use the CRT as the plotting device, rather than a",hard-copy printer.,"
10990 DATA '4',PEN l,"Use pen* 1 of the HP-7470A plotter, or the white-line pen','(CRT) as the plotting-pen.', lu
11000 DATA '5',DATAFILE,Load data froi a nuieric or VISICALC data-file into.ieiory.,"
11010 DATA '6',tNOR«$,Use 'nonal'-size labels and syibols.,","
11020 DATA '7',START,Enter axis-naies It axis-liiits for plot and start,plotting.,"
11030 DATA "8",\ CTICKS,'Use short line, norial to the concordia curve, as the',concordia ticks and label the ticks noroal to the cu
rve.,"
11040 DATA *9",PRINTER,Use a hard-copy printer as the printing device rather,than the CRT.,"
11050 DATA '10',HARDPLOT,Use an HP-7470A plotter as the plotting device rather,than the CRT.,"
11060 DATA 'H",PEN 2,Use pen* 2 of the HP-7470A plotter.,","
11070 DATA '12',PEN SPEED,Specify the speed of the plotter pen (default value is,the fastest speed) (plotter only).,"
11080 DATA "13",SLIDE,Use larger-than-nonal labels and syibols: useful for 35u,transparencies or other reduced reproductions., 1 "
11090 DATA L,",Include a leading zero before the deciial point of,each tick-label less than zero (e.g. 0.41 instead,of .41).
11100 DATA '5',PEN l,Use pent 1 (plotter only) as the plotting pen.,",",'6',PEN 2,Use peni 2 (plotter only) as the plotting pen.,'

«
11110 DATA '8*,PEN SPEED,Specify the speed of the plotter pen (default value is,the fastest speed) (plotter only).,"
11120 DATA '12',$NORMI,'Use 'norial'-size ticks, labels,* syibols.',","
11130 DATA '13",SLIDE,'Use 'slide-size' ticks, labels, It syibols. These*,are soiewhat larger relative to the plot-size than,INORHi
size.
11140 DATA '14',DATAFILE,Bring data froi either a VISICALC or nuieric data-,file into leiory.,"
11150 DATA "7',START,'Answer the resulting queries about axis-labels, intervals,",& plot-size. The plot fraiework will then be draw
n. You
11160 DATA don't need to press any other keys for just a CRT plot.
11170 DATA '10",STACK,Suppress X-axis label and X-axis tick-labels for lore,convenient vertical stacking of plots sharing the saie,X
-axis.
11180 DATA "9",IDS ZEROES,Include a leading zero in tick-labels for ticks with,absolute values less than zero.,"
11190 !
11200 HELP3: BOSUB HELP ? RESTORE 11220 ? NUM.KEYS=3 ? BOSUB PRINT.HELP ? BOTO ADD
11210 !
11220 DATA "5",YORKFIT,Calculate a York-type best-fit line to the last set of,"data, & calculate an isochron age if appropriate.',"

11230 DATA '6',RETAIN,"Add any subsequent-input points to the previous ones,',so that points with different plot-syibols can be
11240 DATA pooled for a later Yorkfit or Poiyfit.
11250 DATA *7',CONTINUE,Return to the input-data part of the prograi.,","
11260 ! .
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11270 HELP4: 60SUB HELP * 60SUB 11280 9 DISP 9 D1SP * 60TO CHQOSE.MODEL
11280 PRINT 'MODEL 1: Use the Model 1 solution for drawing the best-fit line and for any 1 * PRINT TAB (12);'concordia-intercept5.
Model 1 assuies that the";
11290 PRINT " only cause of scatter* 9 PRINT TAB (12);"is froi the assigned analytical errors. The points are weighted 1 ; 
11300 PRINT TAB (12);"according to those errors only. If the probability of fit is less';TAB (12);"than 15X, the assigned errors ar 
e expanded until they can*;
11310 PRINT * account* f PRINT TAB (12);*for the scatter, and a Student's-t mltipiier of the errors is used.' * PRINT 
11320 PRIKT "MODEL 2: Use the Model 2 solution for drawing the best-fit line and for any' 
11330 f-RINT TAB (12};"concordia-intercepts. Model 2 assuies that nothing is known about" 
11340 PRINT TAB (12);'the reason for the scatter of the points, and so weights all points* 
11350 PRINT TAB U2);*equally, with 2ero error-correlations. A Student's-t iultiplier is* * PRINT TAB (12);"always used." 9 PRINT 9
PRINT
11360 PRINT "MODEL 4: Use the Model 4 solution for drawing the best-fit line and for* 
11370 PRINT TAB U2)j'calculating concordia-intercepts. Model 4-UI assuies that there is a* 
11380 PRINT TAB (12);"second disturbance-event, so that the lore discordant the points, the" 
11390 PRINT TAB U2};'iore they scatter froi a line. To compensate for this trend, the" 
11400 PRINT TAB (12);'207/206 errors of each point are expanded according to their"
11410 PRINT TAB U2); "discordance, so that the nest-concordant points are lore heavily" 9 PRINT TAB (12)5"weighted. Model 4-LI is s 
iailar, except that the ';
11420 PRINT '207/206" 9 PRINT TAB U2)j"errors are expanded towards the upper intercept, so that the points' 9 PRINT TAB (12); 
11430 PRINT 'lying closest to the lower intercept are lore heavily weighted.* 9 PRINT TAB (12);"Model 4-LI is especially useful if a 
n inherited component"; 
11440 PRINT "is present." 9 PRINT 9 PRINT 
11450 f
11460 PRINT "Press "iH6L$ (" CONT *)4H to return to previous display.* 9 PAUSE 9 RETURN 
11470 !



APPENDIX 3: PROGRAM LISTING OF PBPLOT

10 ! tmmtmmtmmtmm PBPLOT ttmmttmtmttmmtttttmmttt
20 ! Prograi for plotting and Yorkfit of Pb isotope data, with single-stage
30 ! growth-curves.
40 ! Revision of NOV 01, 1983. Requires Adv. Progr. RON i ABT 100 Kbytes.
50 !
60 ! Data say be entered fros either of (1) Keyboard, (2) Visicalc data-
70 ! file, or (3) nX45 Nuieric data-file, and plotted either on CRT or
80 ! plotter.
90 ! Brackets indicate optional input.
100 !
110 ON ERROR BOTO 130
120 IF PLOT.STARTED THEN PLOTDATA ! Skip plot set-up if starting fro« "CONT 1*
130 OFF ERROR
140 OPTION BASE 1
150 DIH A<100},6aOO},Q<100},R<100},ZUOO},A$[72],)((100},YaOO),Ex(100),EyaOO},Na«e*C503,ROaOO},SlDpe(2} J Inter<2>,Errint<2),Errsl
(2),Xbar(2>,Ybar(2),CTf[13
160 DIM R$C503 J RR$[503,PLOTDEV(2} J Pr<2),KEY$C13 J f«aOO}[iB3 J XX(45} J CRUD$C503
170 DIH 0(8),0$(8Hi83,](ERRUOO>,YERR(iOO},P*[803,5(100,5),Cint (8),Re*I503
ISO DIH E76(100},Yparai{2,3},YI*C73,ALLKEY$[2563 J UUOO},VUOO},UVilOO},U2aOO},V2(100},Z2aOO} J TH100},T2aOO},XTIK$(8)n23,YTIK<(8}
Ci23,XTIK(8>,YTIK(8)
190 DIH ZERO$[83,LETTER*(25)[803,CACHE(100,5}
200 SHORT ExOaOO),EyO(100),SYHBOL(100 J 5),LETTER<25,5}
210 INTEGER XDEC(8},YDEC(8)
220 60SUB DATARESTORE § BOTO 270
230 DATARESTORE: ! Initialize constants
240 DATA 137.88,.26455,.00098485,.000049475,.000155125,11.152,12.998,31.23,9.74,3700
250 RESTORE 240 § READ Ypara«<l,l},Yparaii2,l},Ypara«<l,2},Ypara«(2,2},L8,ALPHAO,YparaiU,3),Ypara«(2,3},HuO,TO
260 RETURN
270 CRUD$=H6LI (  tit* IHPROPER RESPONSE OR NUHBER OF VALUES tttt ") 9 SLD,HP=0 -
280 EL$=" "iHSL* CENDLINE'Jlc' " 9 SPEED$="VS' § PLOT_STARTED,PLOTTER_DUMP=0 9 ZERO$="00000000"
290 !
300 ALLKEY$=RPT$ <' %256)
310 FOR 1=1 TO 156
320 IF K128 OR IM72 THEN ALLKEY$[I,I3=CHRS (I)
330 NEXT I
340 PLOTDEVU)=1 § PLOTDEV<2)=705 § CPEN=1 9 PEN 1 ? CA,DFILE=0 ? PS=.35 9 PLR,Pr(2},Pr(l),PR=l § CT$="0" § PA6ESIZE 24 9 PRINTER IS

I
350 REDRAW ODDSI2E,SIZETYPE,Ytype,NPHRASES,NLINES,C_CT,SOLID_LINE=0 g CLEAR § PEN 0 
360 XDEC,YDEC,YCHAR,XCHAR=0 9 60TO BE6IN
370 !
371 CLEARKEY: ! Clear all special-function-key labels
372 FOR i=l TO 14 § ON KEYI i," 60SUB RETRN ? NEXT i
373 RETURN
374 !
380 RETRIEVEJTR: ! Retrieve up to 8 substrings (separated by ',') fron string
390 ON ERROR GOTO 440
400 LINPUT R$ § Q$<1},0$(2},0$(3),0<(4>,01(5),0116),0$(7),0$(8>=" ? Ninputs=0 § RR$=R<
410 Wh=POS (R*, 1 ,') § SP=»ht(WhiO)-HLEN iR$Hl)t<Wh=0)
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420 OI(l*Ninputs}=R*[l,SP-l] * Ninputs=l+Ninputs
430 IF Hh THEN R$=R$EHHhJ 9 60TO 410
440 OFF ERROR * RETURN
450 !
460 RETRIEVE: ! Retreive up to 8 nuaeric values (separated by ',') froa string
470 LINPUT Rl
480 RTR: Ninputs=0 9 RR$=R$ * MAT 0*ZER
490 ON ERROR SOTO 520
500 0(H-Ninputs}=VAL (R$> 9 Ninputs=H-Ninputs
510 Hh=POS (RI,V> 9 IF Wh THEN R*=Rf[l+WiJ 9 60TO 500
520 OFF ERROR 9 RETURN
530 !
540 BAD INPUT: GOSUB CLUNK 9 DISP 9 DISP CRUDS 9 DISP 9 RETURN
550 !
560 DEF FNAtF) = ALPHAO+HuO*(EO-EXP (L8*T)> ! 206/204 froa T
570 DEF FNB(I) = rparaimype,3)+HuOI(El-EXP <Yparaa(¥type,2W))/Yparaa(Ytype,l} I 207/204 or 208/204 froa T
580 DEF FNCif) = tparaar¥type,2}IEXP ((Yparaa(Ytype,2>-L8)W/(L8t¥paraar¥type,l}) ! Growth-curve slope
590 DEF FNDlX) = LOG (EO-lX-ALPHAO)/MuO)/L8 ! T fro* 206/204
600 DEF FNEm = LOS iEl-<r-yparaa(Ytype,3)}/(HuO/Yparai(Ytype,l>}>/Yparaa(¥type,2) ! T froi 207/204 or 208/204
610 OEF FNFu; = INI (L61 (ABS (X+a=0»))
620 !
630 DEF FNTICKW ! Returns tick-intBrval
640 A=lu-FNF(i(}/8
650 IF ftBS a/A»12 THEN A=2*A 9 SOTO 650
660 fl=ABS (A)/10AFNF(A)
670 IF BUNT ifl) IHEN A=1NT (B)I10A FNF(A)
680 FNriCK=fl § FN END
690 !
700 DEF FNXTICIUP) ! Draw X-axis i ticks
710 NTIMspredyXTIK 9 ETI3(=NTIX/2=INT (NTIX/2) ! Even I of ticks?
720 FOR i=i TO NTIX
730 ETIK=X/2=INT OS/2) i EVBH tick?
740 IF iP=l)»ETlK OR <P=-l)t«ETIK EXOR ET!X>=0> THEN M=XTICKSIZE ELSE H=XTICKSIZE/2
750 IDRAH P»XF1K,0 § IDRAH 0,P*H 9 IDRAM 0,-«P*M)
760 NEXT A
770 FNXTICK=0 9 FN END
780 !
790 DEF FNYTICK(P) ! Draw Y-axis i ticks
800 NTIX=YsprBd/tFIK § ETIX=NTIX/2=INT (NTIX/2) ! Even I of ticks?
810 FOR f=i TO NTIX
820 ET1K=Y/2=INT (Y72) ! Even tick?
830 IF iP=mETJK OR (P*-M«ETIK EXOR ETIX)=0) THEN M=YTICKSIZE ELSE H=YTICKSIZE/2
840 IDRAH 0,PttfIK 9 IDRAM -(PtH),0 9 IDRAH PJM,0
850 NEXT ¥
860 FN¥T!CK=0 9 FN END
870 !
880 DEF FNDr(N,D) ! Round value N to D siqnificant figures
890 IF N THEN Hu=10"(D-INT <L8T (ABS (N)))-l) ELSE Mu=l
900 FNDr=IP iN*Hu)/Hu
910 FN END
920 !
930 DEF FNDEClHALu) ! Returns fdiqits beyond deciaal point
940 A=0 9 N=A
950 N=10*«ftBS tN)-INT (ABS (N)i)
960 IF N THEN ft=A+l 9 SOTO 950 ELSE FNDECIHAL=A
970 FN END
980 !
990 DEF FNPb.Pb_A6E(R) ! Calculate 207/206 age
1000 DEFAULT ON 9 COUNF,A76=0
1010 S=SGN il.5-Ytype)tlOOOO»SBN (-.5*(R>Ypara«(Ytype,2)/(L8«Yparaa(Ytype,l))}}
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1020 F=L8*EXP <S*(L8-Yparai<Ytype,2}}}/Yparai(Ytype,2}
1030 A=i+(EXP <S*L8)-l-Ft(EXP is*YparaiMype,2})-li)/U/<YparaiMype,l)IR>-F> 
1040 IF A<= 0 THEN 1070 ELSE A76=L06 (A)/Yparai(Ytype,2) 9 COUNT=1+COUNT 
1050 IF ABS {A76-SK.01 THEN 1080 
1060 IF COUNK30 THEN S=A76 9 6DTO 1020
1070 DISP 9 DISP H6L$ <" CANNOT CALCULATE AN ABE FOR A "iYW-206/204 SLOPE OF "&VAL* (R>&" ") 
1080 FNPb Pb A6E=A76 * DEFAULT OFF 
1090 FN END " 
1100 !
1110 CLUNK: BEEP 115,40 9 BEEP 195,40 9 RETURN ! Error-sound 
1120 !
1130 DEF FNCHARU) = 1+fABS (XJMWFNFOIHUIINT a)))+(3«0}*FNDECIHAL(X} ! ICharacters required for X. 
1140 !
1150 CA=0 9 CT$="0" * ALPHA 1 9 DISP HBL$ <" HORIZONTAL 6RONTH-CURVE TICK-LABELS ") 9 RETURN 
1160 CA=i 9 CT$="-" 9 ALPHA 1 9 DISP H6U f" OBLIQUE 6RONTH-CURVE TICK-LABELS ') 9 RETURN 
1170 !
1180 DFILE.BEBIN: 60SUB DATAFILE * 80TO BE6IN 
1190 ! 
1200 !
1210 BEGIN: 60SUB DATARESTORE 9 DEB 9 NOCURVE,STACK,NCHORDS=0 V 60SUB CLEARKEY 
1220 ALPHA 1 * CLEAR 9 ALPHA 21.28 * AHRIT "Lower Options are Default" 
1230 ALPHA 15,28 9 mil "press "&H6L$ (" N ")&" for no growth-curve" 
1240 ALPHA 17,28 9 AKRIT "press "&H6L$ i" T ")i" for no growth-curve ticks" 
1250 ALPHA 19,28 9 mil "press "*H6L$ C H ")fc" for help" 
1260 ON KYBD KY,ALLKEY$ BOTO CANCEL 
1270 ON KEYI 1,"0 STICKS" 60SUB 1150 
1280 ON KEYI 2, "CRT-PRINT 1 60SUB DISPLAY- 
1290 ON KEYI 3," CRT PLOT" 60SUB CRTPLOT 
1300 IF PLRI1 THEN ON KEYI 4," PEN 1" BOSUB PEN.l 
1320 IF Ytype=0 THEN ON KEYI 5," STACK" BOSUB STACK 
1330 ON KEYI 6," tNORH*" 6DSUB NORHSI2E 
1340 IF Ytype THEN ON KEYI 7, 1 START" 60TO 60 
1350 IF Ytype=0 THEN ON KEYI 7," 207/204" 60TO 1490 
1360 ON KEYI 8,"\ STICKS' 60SUB 1160 
1370 ON KEYI 9," PRINTER" BOSUB HARDCOPY 
1380 ON KEYI 10," HARDPLOT" SOSUB HARDPLOT 
1390 IF PLRI1 THEN ON KEYI 11," PEN 2" BOSUB PEN 2 
1410 IF Ytype THEN ON KEYI 5," DATAFILE" BOSUB DFH-EJEGIN 
1420 ON KEYI 13," SLIDE" 6DSUB SLIDE 
1440 IF Ytype=0 THEN ON KEYI 14," 208/204" 60TD 1500 
1450 IF PLRIi THEN ON KEYI 12," PENSPEED" BOSUB PEN.SPEED 
1470 KEY LABEL 
1480 BOTO 1480
1490 YI$="207/204" 9 Ytype=l 9 ALPHA 1 9 DISP H8L$ <  207/204 - 206/204 PLOT ") 9 OFF CURSOR 9 6QTO 1270 
1500 YI$="208/204" 9 Ytype=2 9 ALPHA 1 9 DISP H6L$ (' 208/204 - 206/204 PLOT ') 9 OFF CURSOR 9 BOTD 1270 
1510 !
1520 CANCEL: OFF KYBD
1530 IF KY=84 OR KY=116 THEN CA=-1 9 CT$=" 9 ALPHA 1 9 DISP H6L$ <" SUPPRESS GROWTH-CURVE TICKS ") 9 SOTO 1260 
1540 IF KY=78 OR KY=110 THEN NOCURVE=1 9 ALPHA 1 9 DISP HSL$ <" SUPPRESS 6ROWTH-CURVE ") 9 BOTO 1260 
1550 IF KY=72 OR KY=104 THEN BOTO HELP1 
1560 BOSUB CLUNK * 6DTO 1260 
1570 !
1580 60: ALPHA 1,1 9 CLEAR 9 OFF CURSOR 9 ALPHA 10,13 9 OFF KEYI 9 OFF KYBD 
1590 ANRIT "PRESS "ItHBL* (" ENDLINE ")&" FOR STACEY-KRAHERS 6ROHTH-CURVE, OR" 
1600 ALPHA 12,22 9 AHRIT HBL$ <" t ">&" FOR ARBITRARY BRONTH-CURVE PARAMETERS." 
1610 ON KYBD KY,CHR$ <154}&"*' BQTD 1630 
1620 SOTO 1620
1630 CLEAR 9 OFF KYBD 9 A=MKY=154>+2t(KY=42> 
1640 ! 
1650 IF A=2 THEN DJSP 9 DISP "ENTER INITIAL 206/204, INITIAL "iYW, STARTIN6-A6E (Ha), AND SOURCE 238/204" 9 DISP 9 INPUT ALPHAO



,Yparaa(Ytype,3),TO,MuO
1660 IF A=2 AND Ytype»2 THEN DISP 9 DISP 'SOURCE 238/232';* INPUT Ypara«U,2)
1670 EO=E3(P (LStTO) 9 E1=EXP (Ypara«(Ytype,2)tTO)
1680 DISP 9 DISP '206/204 and '&YW PLOT-LIHITS (iin., sax., sin., sax.)' § DISP * SOSUB RETRIEVE % IF Ninputsf4 THEN BOSUB BAD
.INPUT * BOTO 1680
1690 XHIN=Qm * XMAX=0<2) * YHIN=Q<3) 9 YHAX=0(4)
1700 IF XHIN>= XHAX OR YMIN>= YHAX THEN BOSUB BADJNPUT * 60TO 1680
1710 XTIK=FNTICKUHAX-XHIN> * YTIK=FNTICK(YMAX-YHI~N>
1720 !
1730 ! Force lower-bound X i t values to have a ainiaua I of sig. figures
1740 FOR I=riO 8
1750 X=FNBrtXHIN,l> 9 IF XMIN-X<XTIK THEN XHIN=X * 60TO 1770
1760 NEXT 1
1770 FOR 1=1 TO 8
1780 f=FNOrtTHIN,i> 9 IF YHIN-YWIK THEN YHIN=Y 9 BOTO 1800
1790 NEXT I
1800 HHN=u
1810 AMX=FNOUMlNttXHIN>= ALPHAOHALPHAO*MMIN<ALPHAO))
1820 IF PLR=1 THEN 1960 ELSE CLEAR 9 DISP "PLOT-SIZE {3-10)" 9 DISP § DISP "[press 'iELtt" for nonstandard disensions/location3";§ D
ISP 9 SOSUB RETRIEVE
1830 IF Ninputs*(QUK3 OR QU»10) THEN BOSUB CLUNK 9 6DTO 1820
1840 IF Ninputs=0 THEN QDDSIZE=1 ELSE PLQTSIZE=OU> 9 60TO 1960
1850 !
1860 CLEAR 9 DISP 9 DISP 'PRESS *iH6L$ (' 1 ')&" TO DEFINE LIMITS FOR THE ENTIRE FIGURE-AREA,"
1870 DISP 9 DISP ' "&H6LI <  2 ')&' TO DEFINE LIHITS FOR JUST THE PLOT-BOX ITSELF.' 9 DISP
1880 ON KYBD KY,'0123456789' GOTO 1900
1890 GOTO 1890
1900 OFF KYBD 9 IF KYI49 AND KYI50 THEN 60SUB CLUNK 9 GOTO 1880 ELSE SIZETYPE=KY-48
1910 PLOTLIHITS: DISP 9 DISP 'ENTER PLOT-LIMITS IN aa: X-MIN, X-MAX, Y-MIN, Y-MAX' 9 DISP 9 DISP "(sax. liaits are 0-257 EX] and 0-
191 m>';
1920 INPUT LIMX1,LIMX2,LIMY1,LIMY2
1930 IF LIMXKO OR LIMX2>257 OR LIMYKO OR LIMY2M91 OR LIMX2-LIMXK30 OR LIMY2-LIMYK30 THEN 6QSUB BADJNPUT 9 GOTO 1920
1940 PLOTSIZE=10t((LIMX2-LIMX1)7257+(LIMY2-LIMY1)/191)/2
1950 !
1960 ALPHA 1,1 9 CLEAR 9 OFF CURSOR 9 ALPHA 12,27 9 mil aA FEH SECONDS, PLEASE...'
1970 !
1980 ! Calculate plot-boundaries            
1990 !
2000 CTIK=FNTICKUAMX-AHN>*2} 9 IF CA=0 AND (AHX-AMNi/CTIK<6 THEN CTIK=CTIK/2
2010 XTIK=FNTICKU«AX-XMIN) 9 YTIK=FNTICK(YHAX-YMIN)
2020 !
2030 ! Force loner-bound X & Y-values to have a ainieual of significant figs.
2040 FOR 1=1 TO 7
2050 X=FNDr(XMIN,I) 9 IF XMIN-X<XTIK THEN 2070
2060 NEXT I
2070 FOR 1*1 TO 7
2080 Y=FNDr(YMIN,D 9 IF YMIN-Y<YTIK THEN 2100
2090 NEXT I
2100 FOR X=XMIN TO XMAX STEP XTIK ! Force X-MAX to lie on a tick
2110 IF XHAX-X<= XTIK THEN XMAX=X+XTIK 9 GOTO 2130
2120 NEXT X
2130 FOR Y=YHIN TO YMAX STEP YTIK ! Force Y-HAX to lie on a tick
2140 IF YMAX-Y<= YTIK THEN YMAX=Y+YTIK 9 GOTO 2160
2150 NEXT Y
2160 XDEC.HAX,YDECJ1AX,XCHAR,YCHAR=0
2170 Xspred=XMAX-XHIN 9 Yspred=YMAX-YMIN 9 HP=PLRI1
2180 !
2190 ! Find taxi characters in X i Y ticks n. aaxl deciaal places
2200 FOR 1=1 TO Xspred/XTIK/2*l
2210 XTIK(I}=XHIN+2mi«(I-l)



2220 A=FNCHAR(XTIK(I» 9 IF A>XCHAR THEN XCHAR=A
2230 XfiECm=FNDECIMAL(XTIKU}> * IF XDEC(I))XDEC_HAX THEN XDEC_HAX=XDEC(I)
2240 NEXT I
2250 FOR 1=1 TO Yspred/YTlK/2+1
2260 YTIK(I>=YHIN+2WIKtU-l)
2270 A=FNCHAR(YTIKU}) $ IF A>YCHAR THEN YCHAR=A
2280 YDEC(I)=FNDECIHALmiK(I)} 9 IF YDEC(I}>YDEC_HAX THEN YDEC.HAWECd)
2290 NEXT I
2300 !
2310 ON ERROR 6QTO PLOTTER JIQT.QN * PLOTTER IS PLR » OFF ERROR » 6QTO 2350
2320 !
2330 PLOTTER.NQT.ON: BOSUB CLUNK 9 CLEAR » D1SP TAB (24);H6L$ (" PLOTTER NOT READY  ) ? WAIT 3000 9 CLEAR 9 60TO 2310
2340 !
2350 IF PLOTTER BUMP THEN 2390
2360 HP=PLR*1 9 CRT=PLR=1 9 PP=1+CRT 9 IF PLR=1 THEN 6CLEAR
2370 IF CRT THEN LIHX1,LIMY1=0 9 LIHX2=125 9 LIHY2=75 9 BOTO 2420
2380 IF ODDSIZE THEN 2410
2390 LI«Xl=257t(l-.i*PLOTSIZE}/2 9 LIHX2=257-LIHX1 ! For centered plots
2400 LIMYl=19U(l-.l*PLDTSIZE}/2 9 LIHY2=191-LIHY1 ! For centered plots
2410 IF SIZETYPE<2 THEN LIMIT LIMX1,L1MX2,LIMY1,LIMY2
2420 AR=2/3 9 THT=5 9 LHT=6 ! Aspect ratio, tick-label character height
2430 IF HP*(STACK=0 OR PLOT_STARTED=0> THEN H=.7*U+2.7*<PLOTS1Z£<4 OR SLD)/PLOTSIZE) § THT=HtTHT 9 LHT=I.2«HLHT
2440 IF HP THEN PRINTER IS PLOTDEV(2) 9 PRINT SPEED* 9 PRINTER IS Pr(2)
2450 !
2460 A=(XHAX-XHIN)/XT1K 9 BMYHAX-YHINJ/YTIK
2470 YL=ltTHT*.75<-LHT ! BU's below X-axis
2480 ! XL=i+THT*ARI<YCHAR-HP)*U-HP/3>-.25+LHT*1.5 ! BU's to left of Y-axis
2490 ! XL=THT*AR*(YCHAR6WCHAR+LHTt2/3
2500 XL=THT*ARWCHAR+.5}t(l-HP/3HtHT*1.2
2510 YEND=THT/2t(B/2=INT (B/2» ! SU's above top of Y-axis
2520 XEND=<H-XCHAR>AR1THT/2)*{A/2=INT {A/2)i ! BU's to right of X-axis
2530 !
2540 IF SIZETYPE=2 THEN C=0 9 SOSUB PLOTBOX.SIZE
2550 IF RATIO >1 THEN Xgu=100JRATIO 9 Ygu=100 ELSE Xgu=100 9 Ygu=100/RATIO
2560 ! Xqu & Ygu are BU's of total plot-area along X & Y directions
2570 !
2580 Xu=Xgu-XL-XEND ! , SU's plot-area width
2590 Yu=Ygu-YL-YEND ! BU's " height
2600 !
2610 LOCATE XL,Xgu-XEND,YL,Ygu-YEND
2620 XLQC=(Xgu-X£ND-XL)/Xspred ! BU's per UU in X-direction
2630 YLOC={Ygu-Y£ND-YL)/Yspred ! " " " Y
2640 Xti=XLOCt(LIHX2-LIHXl)/Xgu !    per UU in X-direction
2650 Y«FYLQC*(LIHY2-LIHYl}/Ygu ! » " ' " Y
2660 LOCATE XL,Xgu-X£ND,YL,Ygu-YENB
2670 SCALE XMIN,XMAX,YMIN,YHAX
2680 CSIZE THT 9 LINHttLHTW-HP/3}
2690 !
2700 FOR 1=1 TO Xspred/XTIK/2+1
2710 XTIK$(I)=VAL$ (XTIK(D)
2720 IF XDEC MAX=0 OR XSEC HAX=XDEC(!> THEN 2750
2730 IF XDECU)=0 THEN XTIK$(I}=XTIK$U)!e8 . i
2740 XTIK*(I)=XTIK$(I)W£RO$[1,XDEC.HAX-XDEC(1)3
2750 NEXT I
2760 !
2770 FOR 1=1 TO Yspred/YTIK/2+1
2780 YTIK*<I)=VAL$ {YTIKd))
2790 IF YD£C.MAX=0 OR YDEC.MAX=YDEC«I) THEN 2820
2800 IF YDEcll)=0 THEN YTlicHDaYTIKJtDle". 11
2810 YTIK$U)=YTIK$a}iZERO$[l,YDEC.MAX-YIJEC(I}3



2820 NEXT I
2830 !
2840 XTICKSIZE=2.5/YLOC 9 YTICKSIZE=XTICKSIZEIYii/Xii
2850 PEN CPEN § SETUU 9 HOVE XH!N,YHIN
2860 A=FNXTICK(l}+FNYTICKU)*FNXTICK(-mFNYTICKH> 9 FRAHE
2870 IF STACK THEN 2920 ELSE LORB 6 9 A=THT/YLOC/3
2880 FOR 1=1 TO Xspred/XTIK/2+1
2890 HOVE XTIK(I),YHIN-A 9 LABEL XTIKSW
2900 NEXT I
2910 !
2920 LOR6 8 9 B=THTtAR/2/XLOC
2930 FOR 1=1 TO Yspred/YTIK/2*l
2940 IF STACK AND 1=1 THEN 2960
2950 IF 1)1 THEN HOVE XHIN-B,YTIK(D 9 LABEL YTIK$U) ELSE HOVE XHIN-B,YTIK(IWHT/10/YLQC 9 LABEL YTIK$(I)
2960 NEXT I
2970 !
2980 SETBU 9 CSIZE LHT § IF STACK THEN 3020
2990 LORB 1 9 HOVE (Xgu*XL-XEND>/2-L«4.5,LHT/4 % LABEL "206"
3000 IHOVE 3tL«,LHT*3/4 9 LABEL "Pb/" 9 IHOVE 3>LH,LHTt5/4 § LABEL "204"
3010 IHOVE 3>LH,LHTt3/4 9 LABEL "Pb"
3020 LDIR 90 9 LOR6 6 9 HOVE 0,(Ygu+YL>/2-L«4.5 § LABEL YI$C1,3]
3030 IHOVE -(LHT»3/4),3ILH 9 LABEL "Pb/" 9 IHOVE -(LHTt5/4),3«J § LABEL "204»
3040 IHOVE -(LHT»3/4),2.5»LH 9 LABEL "Pb" 9 SETUU 9 LDIR 0
3050 !
3060 PLOTJROHTH CURVE: IF NOCURVE THEN 3350
3070 K=8tCTIK 9 C=0 9 CHT=THT § D=0
3080 IF CA>0 THEN CTHT=7*THT ELSE CTHT=THT/2.5
3090 C=10AFNF(TO)
3100 FOR AHX=OUHNT (TO/O) TO AHN STEP -CT1K
3110 IF FNA(AHX)>XHIN AND FNB(AHX)>YHIN THEN 3130
3120 NEXT AHX
3130 Tl=AHX+2tCTIK
3140 CLIP XHIN,XHAX,YHIN,YHAX
3150 FOR T=T1 TO AHN STEP HCTIK/8)
3160 X=FNA(T) ? Y=FNB(T) § IF (X)XHIN}$iY>YHIN) AND T<= TO THEN DRA« X,Y ELSE HOVE X,Y
3170 IF T/CTIKIINT (T/CTIK) OR CA=-1 THEN 3330
3180 !
3190 !     6ronth-curve ticks & tick-labels   
3200 !
3210 IF X>XHAX OR Y>YHAX OR X<XHIN OR Y<YHIN OR T>TO THEN 3330
3220 IF CA=0 THEN 3250
3230 RISE=<Y-Yparaimype,3}}/(X-ALPHAOWLOC ? RUN.=XLOC ! Defines slope of isochrons
3240 SETBU ? LDIR RUN_,RISE ! Isochron slope
3250 SETUU ? LORS 5 9 CSIZE CTHT,1,0 ? LABEL CT* ? IF D=0 THEN 3310
3260 IF CA THEN HOVE X-Xspred/50,Y+Yspred/200 ? LORB 1 9 CSIZE CHT,AR,0 § LABEL VAL$ (T)i" " 9 60TO 3310
3270 L=CHTM1.5+INT (LBT (T+<T=0))))
3280 Xt=XLfXLOCt(l-X«IN>-LtAR-2 i location of ticklabel-start, in BU's
3290 Yt=YLfYLOC$(Y-YHIN)+CHT+2 ! location of ticklabel-start, in BU's
3300 IF Xt)XL AND Yt<Ygu-YEND THEN HOVE X*Xspred/60,Y*Yspred/60 § LORB 7 ? CSIZE CHT,AR,0 § LABEL VAL$ (T)i 11
3310 HOVE X,Y
3320 D=D=0
3330 NEXT T
3340 !
3350 HOVE XHIN.YHAX ? PEN 0
3360 IF PLOTTER_DUHP THEN RETURN ELSE PLOT.STARTED=1 ? 60TO STARTPLOT
3370 DFILE_STARTED: BOSUB DATAFILE § 60TO REJATA
3380 RETRN: RETURN ! Duiiy return for key-labels
3390 HARDCOPY: ALPHA 1 § DISP HBL$ (" PRINTER PRINTOUT ') § PH2)=701 ? PR=2 § PRINTER IS PH2) t RETURN
3400 NORHSIZE: ALPHA 1 ? DISP HBLI i m NORHAL-SIZE PLOT-SYHBOLS i LINES  > ? SLD=0 § RETURN
3410 PENSPEED: ALPHA 1 9 CLEAR 9 AHRIT HBL$ f INPUT PEN-SPEED (1-10} ') 9 ALPHA 3 9 INPUT PENSPEED



3420 IF PENSPEEDO OR PENSPEED>10 THEN BDSUB CLUNK 9 60TO PENJPEED
3430 IF PENSPEED=10 THEN SPEED$="VS"
3440 IF PENSPEED<10 THEN SPEED$='VS"SrVAL$ (INT (38.1IPENSPEED/10))
3450 BOTO BE6IN
3460 !
3470 STACK: ALPHA 1 9 DISP H6L$ C SUPPRESS X-AXIS LABEL & TICK-LABELS  } 9 STACK=1 9 RETURN
3480 SLIDE: ALPHA 1 9 DISP HBLI (" SLIDE-SIZE SYMBOLS & LINES  } 9 SLD=1 9 RETURN
3490 DISPLAY: ALPHA I 9 DISP H6L$ (" CRT PRINTOUT ONLY  ) 9 Pr(2)=l 9 PR=1 ? PRINTER IS i 9 RETURN
3500 !
3510 HARDPLOT: ALPHA 1 9 DISP H6L$ <" PLOTTER 6RAPHICS  ) 9 PLR=PLOTDEV(2) 9 WAIT 500 9 60TO 1270
3520 CRTPLOT: ALPHA 1 9 DISP H6L$ (" CRT 6RAPHICS  ) * PLR=1 ? WAIT 500 * 60TO BEGIN
3530 !
3540 STARTPLOT: NN=0 9 LDIR 0 9 PDIR 0 9 PRINTER IS Pr(2) 9 DE6
3550 PLOTDATA: OFF ERROR 9 N,Iso,Pbpb=0 9 II,K=1
3560 !
3570 RE.DATA: ALPHA 1 9 CLEAR 9 ALPHA 21,23 9 AWRIT "(PRESS ANY KEY FOR KEYBOARD-SYMBOL) 1 9 OFF CURSOR 9 PEN 0 * SETUU 9 MOVE XHIN,Y
MAX ? Kb=0 * BOSUB CLEARKEY
3580 REDIH X(100),Y<100)
3600 ON KEY! 2,'OPEN Eell 1 60TO OEell
3610 ON KEY! 4,' POLY60N" BOTO Poly
3630 IF CRT THEN ON KEY! 11,'PRINT PLOT 1 60TO PRINT_PLOT
3650 IF NN>1 THEN ON KEY! 7," YORKFIT1 BOTO Yorkfit
3670 IF CRT THEN ON KEY! 12,'ERASE PEN" BOSUB ERASE.PEN
3690 ON KEYt 5, 1 HELP" BOTO HELP2
3700 ON KEY! 9,"SQLIDEell" BOTO SEell
3710 ON KEYI 1," LETTER' BOTO LETTER
3720 ON KEYI 10," PEN 1* 6QSUB PEN_1
3730 IF HP THEN ON KEYI 3," PEN 2' BOSUB PEN_2
3740 IF CRT THEN ON KEYI 3,'TO PLOTTER' BOTO DUMP_TO_PLOTTER
3750 ON KEYI 14,' DATAFILE' BOTO DFILE_STARTED
3760 ON KEYI 6,' REDRAW* BOTO REDRAW
3770 ON KYBD KY,ALLKEY$ BOTO KYBRD
3780 PLABEL: KEY LABEL
3790 BOTO 3790
3800 !
3810 PEN_1: CPEN=1 9 ALPHA 1 9 DISP HBL$ I" PEN 1 ') 9 RETURN
3820 PEN~2: CPEN=2 9 ALPHA 1 9 DISP H6L* <" PEN 2 ") 9 RETURN
3830 ERASE PEN: CPEN*-1 9 ALPHA 1 9 DISP H6L$ (" ERASE-PEN ') 9 RETURN
3840 OEell: SYMBOLS 9 ALPHA I 9 DISP H6L$ (  OPEN ERROR-ELLIPSE SYMBOL ") 9 BOTO INPUT.DATA
3350 SEell: SYMBOL=-2 9 ALPHA 1 9 DISP H6L$ <  SOLID ERROR-ELLIPSE SYMBOL ') 9 BOTO INPUT DATA
3860 !
3370 Poly: SYMBOLS 9 ALPHA 1 9 CLEAR 9 DISP H6L$ (" POLY60N SYMBOL ")
3880 DISP 9 DISP "t SIDES (- for star) [,OPEN/SOLID (0/1) C,SIZE (1-5) £,ROTATION (0-360)333";? BOSUB RETRIEVE
3890 IF NinputsO THEN BOSUB BAD_INPUT 9 BOTO 3880
3900 POLYSIDES=Ofl)
3910 IF Ninputs)! AND 0(2)=1 THEN SOLI0=1 ELSE SOL!D=0
3920 IF Ninputs>2 THEN POLYSIZE=0(3) ELSE POLYSIZE=2.5
3930 IF Ninputs>3 THEN POLYROT=0(4) ELSE POLYRDT=90+(POLYSIDES/2=INT (POLYSIDES/2))t(180/POLYSIDES-90)
3940 BOTO INPUT_DATA
3950 !
3960 KYBRD: IF KY=19 THEN SOLID_LINE=1 9 BEEP 9 ALPHA 1 9 DISP H6L$ (" USE SOLID LINE FOR YORKFIT LINES ") 9 BOTO PLABEL ! CTRL S k
ey
3970 CLEAR 9 SYMBOLS 9 KEY$=UPC* (CHR$ (KY)) 9 OFF KYBD 9 ALPHA 1 9 DISP H6L$ (  PLOTTIN6-SYMBOL IS ")iH6L$ (KEY$i"  ) 9 60T
0 INPUT.DATA
3980 !
3990 !
4000 IHPUT.DATA: OFF KEYI 9 OFF KYBD 9 IF DFILE THEN DISP HBLI C INPUT DATAFILE SET Is AS 1st SET, LAST SET-ASTERISK ")?" (e.g. 2,
12t)" 9 DISP
4010 BOSUB INPUT.POINTS
4020 IF 11)100 THEN Edit ELSE BOTO 4010



4030 !
4040 INPUT.POINTS: WI},Y(II},Ex(II),Ey(II},RUI)=0
4050 DISP * DISP "ffcVAL* (Il)i': ';§ DISP '206/204, tterr,J 'iYI$i», Uerrl [,err-corr.J CfcELtt'llHEN DONE)';§ LINPUT Re*
4060 ! If datafile input, use comas to separate data sets in a continuous series, seeicolons to separate individual sets or differ
er.t series.
4070 ! So 2,5;7;9,14;17,29;6t indicates sets 2 thru 5 plus set 7 plus sets 9 thru 14 plus sets 17 thru 29 plus set 6.
4080 Sc=POS (Re*, V) 9 IF Sc THEM R*=Re«l,Sc-13 ELSE R*=Re* ! seaicolon?
4090 60SUB RTR 9 IF Ninputs^O THEN Edit
4100 IF NOT POS (Re*,"I") THEM DF=0 * 60BUB KEYBOARD.INPUT % RETURN
4110 IF DFILE THEN DF=1 ELSE 60SUB CLUNK 9 DISP * DISP »W NO DATAFILE IN HEHORY W" * GOTO 4010
4120 IF DFILE THEM DF=1 ELSE 60SUB CLUNK 9 DISP 9 DISP »W NO DATAFILE IN HEHORY W 9 GOTO 4010
4130 IF Ninputs=l THEN S1,S2=OU) ELSE Si=QU) 9 S2=Q(2) ! 1st, last datafile setts in a series
4140 DISP 'SETf-JAB (29);  206/204" ;TM J38);"XErr";TAB (50);YI*;TAB (60);"2Err";TAB (69);"RHO" 9 DISP
4150 FOR ID=S1 TO S2 ! transfer datafile sets to plotting array & display
4160 X(II)=S(ID,1) 9 Ex(II)=S(ID,2) 9 Y(II)=S(ID,3) 9 Ey(II)=SUD,4) 9 R<II)=S(ID,5) 9 IF X(IIW(II)=0 THEN 4190
4170 DISP IIjTAB (5);N*(ID);TAB (28};XUD;TAB (37);Ex(II);TAfl (49);Y(II);TAB (59);EyUI);TAB (67);R(II) 9 BOSUB 4270
4180 IF 11=100 THEN Edit
4190 NEXT ID
4200 DISP 9 IF Sc THEN Re*=Re*El+ScJ 9 60TO 4080 ELSE RETURN ! Respond to ";"
4210 !
4220 KEYBOARD.INPUT: Kb=i ! Transfer typed-in data to plotting array
4230 IF Ninputs<2 OR Ninpu\s=3 OR Ninputs>5 THEN 60SUB BAD.INPUT 9 60TO 4050
4240 IF Ninputs=2 THEN X(II)=OU) 9 Y(II)=0(2) * GOTO 4270
4250 IF Ninputs>3 THEN X(II)=0(1) 9 Ex(II)=0(2) 9 Y(II)=0<3) 9 Ey(II)=0(4)
4260 IF Ninputs=5 THEN R(II)=0(5)
4270 IF WI)IY(II) THEN 4290
4280 IF DF THEN RETURN ELSE BOSUB CLUNK 9 DISP f DISP H6L* (* tttt SET! '&VAL* <!!)&  -NONZERO INPUT REQUIRED ttlt *) 9 DISP 9 D
ISP 9 RETURN
4290 IF Ex(II} A2+Ey<II) A2<2tR(imExUmEy<II} THEN BOSUB CLUNK 9 DISP 9 DISP H6L* < §Wt ERR.-CORR. OF "WAL* (R(ID)l' IS TOO
HI6H tm "} 9 RETURN 

4300 11=11*1 9 N=N*1 9 RETURN 
4310 !
4320 Edit: IF Kb=0 THEN 4350 ELSE CLEAR 9 DISP "SETt'jTAB (8);'206/204';TAB (20);»ZErr";TAB (40);YI$;TAB (52); i ZErr i ;TAB (62};"Rho 11 
9 DISP
4330 FOR I=K TO N 9 DISP IjTAB (8);X(I);TAB (20);Ex(I);TAB (40);Y(I)|TAB (52);Ey(I);TAB (60);R(I} 9 NEXT I 9 DISP 
4340 IF Kb=0 AND DF THEN PLOTT
4350 IF ABS (SYHBOL)=3 OR SYMBOLS THEN 4420 ELSE Minputs,A=0 
4360 FOR I=K TO N 9 A=A+(Ex(I)*Ey(I)=0) 9 NEXT I 
4370 IF A=0 THEN 4420 
4380 DISP 'I 6/4-Err, I i &YI$C3,33*"/4-ERR, Err.-Corrs FOR SETS «ITH ZERO ERRORS";? BOSUB RETRIEVE 9 IF Ninputs<2 THEN 60SUB
BAD_INPUT 9 60TO 4380

4390 FOR I=K TO N 9 IF Ex(I) AND Ey(I) THEN 4410 
4400 ExU)=0(l) 9 Ey(I)=0(2) 9 IF Ninputs=3 THEN R(I)=0(3) 
4410 NEXT I 9 60TO Edit
4420 IF Kb=0 THEN PLOTT ! Don't ask for corrections if no keyboard-data 
4430 DISP 9 DISP 'SET TO BE CORRECTED? ("iH6L$ ("ENDLINE")i" IF OK) '; 
4440 60SUB RETRIEVE § 1=0(1) 9 IF 1=0 THEM PLOTT ELSE 11=1 9 60SUB 4040 9 N=N-1 9 60TO Edit 
4450 !
4460 ERRQR.ELLIPSE: ! Draw error-ellipse about data-point 
4470 IF XERRd)IYERR(I) THEN XE=XERRU) ELSE XE=XERR(IW.0001 
4480 AN6LE=.5$ATN (2IR(IWE*YERR(1}/(XEA2-YERR(I) A2)) 
4490 ! ANBLE is the angle that an axis of the ellipse lakes with the X-axis. 
4500 C1=2*(1-R(I) A2)I1.224A2 9 C2=1/COS (2IAN6LE) 
4510 Vx=XEA2 9 Vy=YERR(I) A2
4520 A=SQR (Cl/((H-C2)/Vx+(l-C2)/Vy)) ! Length of «ajor axis of ellipse 
4530 B=SQR <Cl/((l-C2)/Vx+(HC2)/Vy)) ! Length of iinor axis of ellipse 
4540 St=A/INT (A/(Xspred/800)+l) ! Step-size, in x-direction 
4550 St=A/INT (A/St+.OOOl)
4560 SIN.AN6LE=SIN (AN6LE) 9 COS.AN6LE=COS (ANGLE) 
4570 FOR K=l TO -1 STEP -2



4580 FOR X=K*A TO -<KI(A*St» STEP -<KtSt>
4590 IF (K>OWX<-(A»1.001)) OR (K<OWX>A»1.001) THEN 4650
4600 Z=1-(X/A) A2 § IF Z>= 0 THEN Y*K»BtSQR (Z) ELSE 60TO 4630
4610 RPLOT X»COS_ANBLE-YtSIN_AN6LE,XtSIN_AN6LEWCQS_AN6LE
4620 IF SYNBQL<0~THEN K=-K *~RPLQT X»COS~AN6LEWSIN~AN6LE,X*SIN_AN6LE-Y»CQS_AN6LE ! Fill in ellipse if solid
4630 NEXT X
4640 IF SYHBQL<0 THEN 4660
4650 NEXT K
4660 RETURN
4670 !
4680 POLYBON: SET6U ! Draw open or filled polygon or star-syibol
4690 IF PLQTTER.DUHP THEN POLYSIDES-SYHBOL(JJ,2) 9 SOLID=SYHBQL(JJ,3) 9 PQLYSIZE=SYH80L(JJ,4) 9 POLYROT=SYHBOL(JJ,5)
4700 FOR A=0 TO (HP AND SLD=0 AND POLYSIDES>0 AND PQLYSIZE>3)f50»SOLID
4710 B=PS»(POLYSIZE-A/2)*PP * S=360/ABS (POLYSIDES) 9 E=.5-(A8S (POLYSIDES)=3)/5
4720 IF B<0 THEN SETUU * RETURN
4730 FOR J=POLYRQT TO PQLYRQT*360 STEP S
4740 RPLOT BtCOS (J),B»SIN (J)
4750 IF POLYSIDES<0 THEN OJ*S/2 9 RPLOT EWCGS (C},EtB*SIN (C)
4760 NEXT J
4770 NEXT A
4780 SETUU 9 RETURN
4790 !
4800 KEYBGARD.SYMBOL: IF PLOTTER.DUHP THEN KEY$=CHR$ (SYHBOL(JJ,2))
4810 IF KEY**'*" THEN B*1.5 9 C=AR»CRT+HP/2 aSE B=0 ? C*l
4820 IF KEY**"! 1 THEN C=CRTf.6$HP
4830 LOR6 5 ? CSIZE 3.5-HP+1.5»SLD*B,C,0 ? LABEL KEY$ ? RETURN
4840 !
4850 PLOTT: PEN CPEN ? C ROW-CURSRQM ! Draw data-point syibols
4860 FOR I=K TO N"
4870 IF HP THEN ALPHA C.ROWfl ? DISP IjTAB (10);X(I);TAB (20);Y(I) 9 OFF CURSOR § 60TO 4920 ELSE C.CT=i+C.CT
4880 CACHE(C CT,1)=X<I} ? CACHE(C.CT,2}=£x(I) 9 CACHEiC CT,3)=Y(I) 9 CACHE(C CT,4)=Eya) 9 CACHE<C CT,5}=R(I) 9 SYHBOL(C.CT,
1)=SYHBQL
4890 IF SYHBOL*3 THEN SYHBOL<C.CT,2)=POLYSIDES 9 SYMBOL(C_CT,3)=SQLID 9 SYHBOL(C.CT,4)=POLYSIZE 9 SYMBOL(C.CT,5)=POLYROT
4900 IF SYHBOLI3 AND SYHBOLI5 THEN SYMBOL(C.CT,1)=SYHBOL
4910 IF SYHBOL=5 THEN SYHBOL(C.CT,2)=KY
4920 XERRU)=X(I)tEx(I)/100 9 YERRa)=Y(I}»Ey(I)/100
4930 IF XdXXMIN OR YdXYHIN OR X(I»XMAX OR YU))YMAX THEN 4960
4940 MOVE xaum
4950 ON ABS tSYMBOL) 60SUB RETRN ,ERROR.ELLIPSE .POLYGON ,RETRN ,KEYBOARD.SYMBOL
4960 NEXT I
4970 IF PLOTTER.DUHP=0 THEN HOVE XMIN,YMAX
4980 IF HP=1 AND PLOTTER_DUMP=0 THEN PEN 0
4990 IF PLOTTER.DUHP THEN RETURN
5000 !
5010 ADD: NN=N 9 DISP § DISP 'PRESS 'iH6L$ f» RETAIN ")i' TO INCLUDE THESE POINTS WITH OTHERS FOR A YQRKFIT.' § DISP 9 SOSUB CLEARKE
Y
5020 DISP 'PRESS '&H6L$ I" CONTINUE")*' TO CONTINUE.' 9 DISP 9 DISP
5060 ON KEYI 4,' HELP' 60TO HELP3
5070 IF NN>1 THEN ON KEYI 5,' YGRKFIF SOTO Yorkfit
5090 ON KEYI 6,' RETAIN' 60TO RETAIN
5100 ON KEYI 7,' CONTINUE' 60TQ PLOTDATA
5180 OFF CURSOR 9 KEY LABEL
5190 60TQ 5190
5200 RETAIN: I1,K=N+1 9 60TO REJATA ! Add next points to existing sequence
5210 !
5220 !
5230 ! mmmiimtmsmtmtmmtmmmmtmtimmimtsimmi
5240 Yorkfit: ! LINE-F1TTIN6 ALGORITHM MODIFIED FRQH D. YORK, EPSL V. 5, P. 320
5250 .> mmmmmmmmmmmmtmtmmtmmimmmmtm
5260 !



5270 CLEAR * DISP 'YQRKFIT: 1 * D1SP
5280 XERR,YERR=0 ! Check lor unassigned errors It error-correlations
5290 A,B,RHO=0 9 FOR 1=1 TO NN * A=A+(ExU)*EyU)=0} * B=B+(R(I)=0) $ NEXT I
5300 IF A AND B THEN 5350
5310 IF A=0 AND B THEN 5390
5320 IF A AND B=0 THEN 5330 ELSE 5500
5330 DISP 'SX-ERRS, ZY-ERRS FOR SAHPLES WITH NO ASSI6NED ERRORS 1 ;? 60SUB RETRIEVE * IF Ninputs=0 THEN 60SUB BAD INPUT 8 60TO 533
0
5340 XERR=0(1) * YERR=Q(2WO(2)#0)+OU)*(Q(2)=0) 9 fiOTO 5440
5350 DISP 'ZX-Errs, ZY-Errs, Err-Corrs FOR SAHPLES KITH ZERO ASSI6NED VALUES';? 60SUB RETRIEVE 9 IF Ninputs=0 THEN 60SUB BAOJHPU
T 8 BOTO 5350
5360 XERR=0(1) 8 YERR=0(2)t«H2>#0}+OU)>«H2}=0) 8 RHO=0(3)
5370 IF RHO=0 THEN 60SUB 5420 9 fiOTO 5350
5380 IF ABS (RHO»1 THEN 60SUB 5430 8 80TO 5350 ELSE 80TO 5440
5390 DISP H6L$ C ERR-CORRS FOR SAHPLES WITH ZERO ASSIGNED VALUES ');8 60SUB RETRIEVE 8 RHO=0(1)
5400 IF RHO=0 THEN 60SUB 5420 8 GOTO 5390
5410 IF ABS (RHO»1 THEN 60SUB 5430 * BOTO 5390 ELSE fiOTO 5440
5420 60SUB CLUNK 9 DISP "Pb-Pb ERRORS ARE '*H6L$ C ALHAYS ')4' CORRELATED (typical values are .90-.995). 1 9 DISP 9 DISP 9 RETURN

5430. 60SUB CLUNK 9 DISP 'ERROR-CORRELATIONS HUST BE HITHIN +1 AND -1" 9 DISP 9 DISP 9 RETURN
5440 FOR 1=1 TO NN ! Assign errors to sets with zero assigned values
5450 IF Ex(I)=0 THEN Ex(I)=XERR
5460 IF Ey(I)=0 THEN Ey(I)=YERR
5470 IF R(I)=0 THEN RU)=RHQ
5480 NEXT I
5490 !
5500 IF PR=2 THEN DISP 'NAHE FOR THIS YORKFITB ;8 INPUT Nan*U,50]
5510 PRINTER IS Pr(2) 9 CLEAR 8 PRINT 9 PRINT RPT* {'t'^JIt'YORKFIT'ltRPT* ('I',33)
5520 !
5530 ! HODEL-1 is Yorks original 'a priori' fit, assuies all scatter due to analytical error and Heights points accordingly. Studen
t's-t is 1.96.
5540 !
5550 ! HQDEL-2 weights all points equally (with zero error-correlation), uses Student ? s-t for N-2 degrees of freedoi. Equivalent to
knowing nothing about the

5560 ! actual cause of scatter, and invoked only if the HODEL-1 fit has excess 
5570 ! scatter. 
5580 ! 
5590 !
5600 IF PR=2 THEN PRINT Naiet ELSE PRINT 
5610 PRINT 9 PRINT TAB (24);'ERRORS ARE PERCENT 2-SI6HA' 
5620 PRINT 'SET*';TAB (8);'206/204";TAB (18);"Xerr»;TAB (32);YI$;TAB (42);'Xerr';TAB (54);'CORREL.';TAB (65); B Z'&YI$[3,3:i& 1I /&err' 9
PRINT

5630 Ok,H=0 ? N=NN 9 Slope=.l
5640 REDIH X(N),Y(N),Z(N),U(N),ViN},UV(N),U2(N),V2(N),Z2(N),Tl(N),T2(N) 
5650 ! Ok set to 1 if one fit coipleted; H is lodeli. 
5660 H=H+1 9 SlopeO=Slope 9 11=0 ! II is iteration-counter 
5670 IF HM THEN DISP 'HODEL'jH;' YORKFIT...' 
5630 Slope=SlopeO 
5690 11=1+11
5700 IF Il>10 THEN Fail ! Sive up if unconverged in 10 iterations 
5710 IF I1)1 AND HI2 THEN 5830 
5720 FOR 1=1 TO N 
5730 ON H 60TO 5740,5770
5740 E76(I)=SQR (Ex(I) A2+Ey(I) A2-2»R(I)tEx(I}tEy(I)) i Z 207/206 ERR 
5750 ExO(I)=ExU) ? EyO(I)=£y(I) ? RO(I)=R(I)
5760 PRINT 15TAB (7);XU);TAB (17);Ex(I);TAB (31);Y(I);TAB (41);Ey(l);TAB (53);R(I);TAB (65);FNDr(E76(I),3} 9 60TO 5790 
5770 S(I)=1 9 8(I)=l/SlopeA2 9 R(I)=0 9 60TO 5810 ! Hodel-2 weighting 
5780 !
5790 8U)=(l/(YiI)»Ey(I)/200)) A2 
5800 6(I)=(l/(Xa)»Ex(I)/200)) A2



5810 A(I)=SQR (6(I)tQ(D)
5820 NEXT I
5830 B5,D,E=0 9 IF H=l AND 11=1 THEN DISP 9 DISP
5340 FOR 1=1 TO N
5850 ZU}=6U>IQm/{SlopeA2»Q(I)*6m-2*SlDpe*R(mAU))
5360 ! S1=S1*ZU> 9 Xbar=Xbar+Za)»XU) 9 Ybar=Ybar+Z(IW(I)
5870 NEXT I
5880 ! Xbar=Xbar/Sl 9 Ybar=Ybar/Sl
5390 S1=SUH il) 9 HAT T1=Z.X§ HAT T2=Z.Y
5900 Xbar=SU» (TD/S1 9 Ybar=SUH (T2J/S1 9 HAT U=< -XbarHX* HAT V=< -YbarW
5910 HAT U2=U.U§ HAT V2=V.V* HAT UV=U.V* HAT Z2=Z.Z
5920 FOR 1=1 TO N
5930 ! U=XU)-Xbar 9 V=Y(I)-Ybar
5940 fl5=85+{U2(J}/B<I}-V2(I)/BUmZ2U}
5950 D«D+«JV(I}/6U)HW)*U2<I)/A(I»IZ2<I)
5960 E=E+(UVm/Q(I}-R(I>tV2U}/A(imZ2(I)
5970 NEXT I
5980 SlopeO=85A2+4tD»E
5990 IF SlopeO<0 THEN Fail
6000 SlopeO=<SQR {SlopeO)-B5)/<2ID) 9 ALPHA CURSROH -1 9 DISP SlopeO
6010 IF ABS USlopeO-Slope>/SiQpeO».0001 THEN 5680
6020 Slope(m,Siope=SlDpeO 9 Inter<H),Inter=Ybar-Slope»Xbar
6030 D,E,SUHS=0
6040 !
6050 ! Error-alqorithi of Titterinqton & Halhday, Chei. Seol. v. 26, p. 133
6060 FOR 1=1 TO N
6070 Y=Y«I)-SIopetXU)-Inter 9 SUHS=SUHS+Z(IWA2
6080 X=XU}-Z(I}m<RU)tAa)-SlopeSB(I})/(B(I}S6Q))
6090 D=D*XtZiI) 9 E=E+XA2tZU>
6100 NEXT I
6110 !
6120 V-N-2 ! Degrees of freedom
6130 HSHD=(V(> 0)»SUHS/<Vt<V=0}) ! Mean square of weighted deviates
6140 St.t={V<2)tl2.7*(V>l)»1.96tV/SQR (VA2-2.43tV+1.696) ! Students-t approxiaation froi Andy Turek
6150 B3=SQR (Sl/(EtSl-DA2)}
6160 Fl=B3tSQR (E/S1)
6170 SUFltSBR (HSHD)
6130 85=B3tSQR (HSHD)
6190 IF M>1 THEN 6330
6200 !
6210 IF SUHS<80 THEN 6220 ELSE Prob=0 9 60TO 6330
6220 D,A=i ! Calculate chi-square probability
6230 IF INT iV/2)=V/2 THEN 6300
6240 FOR 1=2 TO 2000 STEP 2 ! V odd
625fr D=DtSUHS/(VH) ? A=A+D 9 IF D<.000001 THEN 6270
6260 NEXT I
6270 D=SQR (fI }
6280 FOR I*.5 TO V/2 9 D=D*I 9 NEXT I
6290 Prob=l-EXP {-(SUHS/2)WSUHS/2> A (V/2}»A/D ? 60TO 6330
6300 FOR 1=1 TO V/2-1 9 D=D«SUHS/(2»I> 9 A=A*D 9 NEXT I ! V even
6310 Prob=AtEXP MSUHS/2»
6320 !
6330 FOR Pr=l TO PR
6340 PRINTER IS PHPr) 9 DISP 9 IF Pr=l AND H>1 THEN ALPHA C_RO»
6350 ON H 60TO 6360,6330
6360 PRINT RPT$ ('-',80} 9 PRINT "UtWODEL 1 SOLUTION -- ASSUHES ALL SCATTER DUE TO ANALYTICAL ERRORWt" 9 Ok=i
6370 IF Prob>.15 THEN Errslil)=1.96»B3 9 Errint(l)=1.96IFl 9 BOTO 6410 ELSE 6400
6380 PRINT * PRINT 'WWWtHODEL 2 SOLUTION - EBUAHY HEIBHTED POINTS WITH UNCORRELATED1
6390 PRINT RPT$ C»", 19)TERRORS; ASSUHES NORHAL DISTRIBUTION OF RESIDUALSttW" ? BOTO 6400
6400 Errsl(H)=Stt*B5 9 Errint(H)=5tt»Sl



6410 PRINT 9 PRINT TAB <33);'SLOPE";TAB (57);'INTERCEPT' 9 PRINT TAB (33)?'  ';TAB (57};'     ' 9 PRINT
6420 PRINT 'BEST-FIT:';TAB (31);FNDr(Slope,6);TAB (56};FNDr(IntBr,6) 9 PRINT RPT$ ('-',80)
6430 IF M=l THEN PRINT 'ERROR (1-SI6MA, A PRIORI) ';TAB (3i);FNDr(B3,4);TAB (56);FNDr(Fl,4) 9 PRINT
6440 PRINT 'ERROR (i-SIBMA, FROM SCATTER) ';TAB (31);FNDr(B5,4);TAB (56};FNDr(Sl,4) 9 PRINT
6450 PRINT 'ERROR (951 CONFIDENCE LIMITS)';TAB (31};FNDr(Errsl(M),4};TAB (56);FNDr(Errint(M),4) * PRINT
6460 PRINT 'COORDINATES OF CENTROID: X=';FNDrUbar,6);*Y=';FNDr(Ybar,6)
6470 Xbar(M)=Xbar 9 Ybar(M)=Ybar 9 IF H>1 THEN 6500
6480 PRINT 9 PRINT 'ANALYTICAL ERRORS ALONE WILL CAUSE THE OBSERVED AMOUNT OF SCATTER"
6490 PRINT 'OR HORE 'WAL$ <FNDr(100IProb,2))i'I OF THE TIME, AS INDICATED BY THE M.S.O. OF';FNDr(MSW>,3)
6500 PRINT RPT$ ('-',80) 9 PRINT
6510 HEXT Pr
6520 FOR 1=1 TO NN 9 Ex(I)=ExO(I) * Ey(I)=EyO(I) 9 R(I)=RO(I) 9 NEXT I
6530 C.ROW=CURSRO« 9 IF M>1 THEN 6560
6540 IF Prob>.2 THEN 6690 ELSE 5660
6550 i
6560 CHOOSE.MODEL: DISP 'PRESS KEY FOR MODEL-SOLUTION DESIRED.' 9 DISP USING '3/' 9 BOSUB CLEARKEY
6570 ON KEY! 6,' MODEL 1' 60TO 6670
6580 ON KEY! 7," MODEL 2" 60TO 6680
6620 ON KEY! 4,' HELP' 60TO HELP4
6640 KEY LABEL
6650 60TQ 6650
6660 !
6670 OFF KEYI 9 M=l 9 GOTO 6690
6680 OFF KEY! 9 M=2 9 GOTO 6690
6690 Slope=Slope(M> 9 Inter=!nter(H) 9 60SUB DRAMLINE
6700 Errsl=Errsl(M} 9 Errint=Errint(M) 9 Xbar=Xbar(M) 9 Ybar=Ybar(H)
6710 ALPHA C.ROH
6720 !
6730 Age=FNPb_Pb_A6E(Slope)
6740 Loner_Age=FNPb_Pb_A6E(SIope-Errsl) 9 Upper_Age=FNPb_Pb_A6E(Slope+Err5l)
6750 Age_Err=(Lower_AgeiO)t(Upper_AgeiO)tABS (Upper_Age-Lower,Age1/2
6760 FOR~Pr=i TO PR~
6770 PRINTER IS Pr(Pr)
6780 IF Age THEN PRINT 9 PRINT 'W AGE FROM SLOPE ALONE IS";FNDr(Age,4);
6790 IF Age_Err THEN PRINT "*/-';FNDr(Age_Err,3);
6800 IF Age THEN PRINT ' Ma «*' 9 PRINT 9 PRINT
6810 NEXT Pr
6820 !
6830 CALC INTERCEPTS: DISP "CALCULATING 6ROHTH-CURVE-INTERCEPTS.....'
6840 R=CURSRQH -1 * OFF CURSOR
6850 FOR J=0 TO 1
6860 T1=-1000*9000*J
6B70 C=FNC(T1) 9 X=(Inter*CtFNA(Tl}-FNB<Tl}>/(C-Slope)
6880 IF X<-1 OR (X-ALPHAO)/MuO>= EO THEN NOJNTER ELSE T=FNDW 9 ALPHA R,42 9 DISP INT (T)
6890 IF ABS (T-T1X.01 THEN Cint(J-H)=T ELSE T1=T 9 GOTO 6870
6900 NEXT J
6910 !
6920 ! Calculate errors of groath-curve intercepts         
6930 DISP 'CALCULATING ERROR-ENVELOPE INTERCEPTS...' 9 R=CURSRQW -1
6940 FOR J=3 TO 6
6950 T1=9000$(J>4)-1000 § A=l-2t(J/2tINT (J/2)) 9 I=INF 9 COUNT=0
6960 60SUB ERRCALC 9 Cint(J)=T
6970 NEJ(T J 9 60TO PRINT.SOLUTION
6980 ERRCALC: ! Calculate growth-curve intercepts of error-envelope about line
6990 CQUNT=H-COUNT 9 IF COUNT>20 THEN NQ_ENV_INTER
7000 S=FNC(T1) 9 B=FNB(T1)-S$FNA(T1}-Inter
7010 D=2t(Bt(S-Slope)*Xbar*Errsr2) 9 E=(S-Slope} A2-Errsl A2
7020 6=DA2-4>Et(BA2-ErrintA2) 9 IF 8<0 THEN NO_ENV_INTER
7030 X=(A$SBR (B)-D)/(2tE) 9 IF X<-1 OR (X-ALPHAO)/MuO>= EO THEN NO_ENV_INTER
7040 T=FND(X) 9 ALPHA R,42 9 DISP INT (T) 9 IF ABS <T-T1)>I THEN NOJNVNTER



7050 IF ABS (T-T1K.01 THEN RETURN ELSE I=ABS (T-Ti) * Ti=T 9 60TO ERRCALC
7060 i
7070 PRINT.SOLUTION: ALPHA CURSRO* -2 * Cint(7)=FNDr(ABS (Cint(4)-Cint(3})/2t(Cint(3}*Cint(4}iO>,2)
7080 Cint(8)=FNDHABS <Cint(6>-Cint(5}}/2t(Cint(5}tCint(6}tO},2}
7090 PRINT ? PRINT TAB (10) ;'<««« MODEL';!!;* 6ROHTH-CURVE-INTERCEPT SOLUTION »»»»* ? PRINT ? PRINT
7100 A,B,Dl,D2=i
7110 IF Cintm THEN A=10A INT (LST (ABS (Cint(7»»
7120 IF Cint(8> THEN B=10AINT (L6T (ABS (Cint(8)}»
7130 IF Cint(l) THEN D1M-INT (L6T (ABS (A/Cint(l>»)
7140 IF Cint(2> THEN D2=1-INT (L6T (ABS (B/Cint(2»)>
7150 PRINT 'LOHER INTERCEPT: '?S IF Cint(l) THEN PRINT FNDr(Cint(l),Dl>;
7160 IF Cint(i) AND Cint(7) THEN PRINT * +/-"jCint(7);'Ha';
7170 IF CintdJfO AND Cint(7)=0 THEN PRINT "Ma";
7180 IF Cint(3)*0 AND Cint<4)=0 THEN PRINT ELSE PRINT TAB (52);"( ';
7190 IF Cint(3) THEN PRINT ' >"iVAL< (FNDr(Cint(3),Dl));
7200 IF Cint(4> THEN PRINT ' <'WAL$ (FNDr(Cint(4),Dl)>*'}" ELSE PRINT ")'
7210 PRINT 'UPPER INTERCEPT:  ;« IF Cint(2) THEN PRINT FNDr(Cint(2),D2>;
7220 IF Cint(2J AND Cint(8) THEN PRINT   +/-'5Cint(8);'HaB ;
7230 IF Cint(2)IO AND Cint(8>=0 THEN PRINT 'Ha';
7240 IF Cint(5>=0 AND Cint<6)=0 THEN PRINT ELSE PRINT TAB (52);'(  ;
7250 IF Cint(5) THEN PRINT   <'I<VAL* (FNDr(Cint(5},D2))j
7260 IF Cint<6) THEN PRINT ' >'I<VAL$ (FNDr(Cint(6),D2>}4"}" ELSE PRINT ')'
7270 PRINT ? PRINT '(UNCERTAINTIES ARE 95I-CONFIDENCE LIMITS)' § PRINT RPT$ ('-',80)
7280 NCHORDS=UNCHORDS § BEEP
7290 DISP * DISP "PRESS '&HSL* (' LABEL INT.  )*  FOR PLOT-LABEL OF INTERCEPTS.'
7300 DISP « DISP 'PRESS "iH6L$ (" CONTINUE ')i» TO DECLINE.' 9 DISP USING § 3/' * 60SUB CLEARKEY
73iO ON KEY! 6,'LABEL INT.' 60TO LABEL.INTERCEPTS
7370 ON KEYI 7,' CONTINUE' 60TO 7600
7450 KEY LABEL'
7460 GOTO 7460
7470 i
7480 LABELJNTERCEPTS:
7490 H=TH? * H=H*ARHi-.25*HP) * MOVE XMAX,YHIN $ SET6U
7500 IF Cint(2) THEN I1$=VAL$ (FNDr(Cint(2),D2J} ELSE Ilt^'IM"
7510 IF Cint(l) THEN I3*=VAL* (FNDr(Cint(l),Dl)) ELSE I3«='»»'
7520 IF Cint(8> THEN I2$=VAL$ (Cint(8)) ELSE KZ^'W
7530 IF Cint(7) THEN I4$=VAL* (Cint(7)) ELSE I4«='til'
7540 L1=LEN (11$) § L2=LEN (12$) § L3=LEN (13$) ? L4=LEN (14$)
7550 NCARM4+LH-L2+L3+L4 ? CSIZE H,AR 9 LOR6 1
7560 IMOVE -<(NCAR*17+OtHP)/2«),2.5tH*NCHORDS § LABEL 'INTERCEPTS AT"
7570 I»OVE -((NCAR-i5}/2«} f O § LABEL II* § IMOVE (.5+OIHP+Ll)tH,H 9 60SUB PH § IMOVE <H-OtHP)W2,0 ? LABEL I2*&" and '&I3*
7580 IMOVE (L2*L3*5.5*OIHPJt«,H ? 60SUB PH § IHOVE (.5+OtHP)M,0 * LABEL I4*i' Ma'
7590 !
7600 OFF KEYI ? DEB ? SETUU 9 MOVE KHIN,YMAX % PEN PLR=1 § ALPHA
7610 i
7620 60TO ADD
7630 i
7640 Fail: PRINT * PRINT "DATA CANNOT BE FIT TO A STRAI6HT LINE USIN6 MODEL';M § PRINT § PRINT § 60SUB CLUNK
7650 IF Ok=0 THEN 7620
7660 IF M=2 THEN M=l § 60TO 6690
7670 !
7680 NO.INTER: PRINT "IWI CHORD DOES NOT HAVE TWO 6RQHTH-CURVE INTERCEPTS »W § PRINT § Cint(l+J)=0 § 60TQ 6900
7690 NO_ENV_INTER: PRINT § PRINT "Itlt* ARM";J-2;'QF ERROR-ENVELOPE DOES NOT INTERSECT SROHTH-CURVE Wtl' § PRINT § T=0 $ RETURN
7700 !
7710 PRINT.PLOT: ! Duip CRT-plot to printer
7720 CLEAR § DISP "PRESS "&H6L$ C 8 ")i" FOR 82905 PRINTER, 'iHSL* <* 2 ")&' FOR 2673 PRINTER.'
7730 ON KYBD KY,'1234567890" 60TO 7750
7740 60TO 7740
7750 OFF KYBD 9 PRINTER IS 701,80 ? K=KY-48
7760 IF K=8 THEN DUMP 6RAPHICS



7770 IF K=2 THEN DUMP GRAPHICS 0,0,0,1
7780 IF KI8 AND KI2 THEN SOSUB CLUNK * BOTO PRINT_PLOT
7790 PRINTER IS PH2) * BOTO RE DATA
7800 !
7810 DRAW.INE: ! Draw a dashed line of the Yorkfit siopeiintercept
7B20 CLIP XHIN+Jl5pred/100,XNAX-X5pred/33,YHIN+Yspred/100,YHAX-Y5pred/33
7830 NLINES=HNLINES * IF CRT THEN LINE(NLINES,l)=51ope 9 LINE(NLINES,2)=Inter
7B40 IF SOLID LINE=0 THEN LINE TYPE NLINES+4
7850 MOVE XMIN,XMINtSlope+Inter 9 PEN CPEN
7860 DRAM XHAX,XNAX*Slope+Inter
7870 HOVE XNIN,YMIN 9 LINE TYPE 1
7880 CLIP XHIN,XMAX,YHIN,YMAX * RETURN
7890 !
7900 LETTER: OFF KEY! 9 OFF KYBD 9 CLEAR ! Draft a phrase on the plot
7910 UNCLIP 9 SETUU * IF PLOTTER.DUHP THEN 7950
7920 DISP 9 DISP '(PRESS 'iELtt" TO ESCAPE)  * DISP
7930 DISP 'CHAR.-HEIBHT IN    (tick labels were';FNDr(THWM/YLOC/2,2};"}[, SLANT (0-30) [, ROTATION]]";
7940 80SUB RETRIEVE § IF Ninputs THEN H=Q(1) § SL=0<2) 9 RDT=0(3) ELSE SOTO RE.DATA
7950 PEN CPEN 9 CS=2tHtYLOC/YM § W=ARtCSt(l-HP/3.1) 9 CSIZE CS,AR,SL § LDIR ROT
7960 IF HP THEN 8000
7970 DISP 9 DISP 'ENTER COORDINATES (X, Y> OF LONER-LEFT CORNER OF PHRASE';
7980 60SUB RETRIEVE 9 IF Ninputs<2 THEN 60SUB BADJNPUT 9 BOTO 7860
7990 X=Q(1) 9 Y=Q(2) * PEN CPEN 9 SOTO 8020
8000 IF PLOTTER.DUNP THEN 8020 ELSE DISP 9 DISP 'POSITION PEN WITH PLOTTER-CONTROLS, THEN PRESS '&CNT$ 9 PAUSE
8010 CURSOR X,Y~
8020 HOVE X,Y 9 LOR6 1
8030 IF PLOTTER DU«P=0 THEN DISP 9 DISP 'PHRASE TO BE DRAFTED';? LINPUT P$
8040 L=LEN (P*> 9 SETBU 9 IF HP THEN B080
8050 NPHRASES=1+NPHRASES 9 LETTER*(NPHRASES>=P$ 9 LETTER(NPHRASES,1)=X 9 LETTERMPHRASES,2)=Y
8060 LETTER(NPHRASES,3)=H 9 LETTER(NPHRASES,4J=SL § LETTER(NPHRASES,5)=ROT
S070 IF CRT AND CPEN=-1 THEN NPHRASES=NPHRASES-2
8080 IF POS (PV\')=0 AND POS (P$,' A ")=0 AND POS <P*,'+/-'}=0 THEN LABEL P$ 9 BOTO 8150
8090 IF ROTIO THEN 60SUB CLUNK 9 DISP 9 DISP 'CAN'T USE \, A , OR +/- SYMBOLS WITH NONZERO ANBLES.' 9 DISP § BOTO 7790
8100 FOR 1=1 TO L
8110 IF DL-2 THEN 8130
8120 IF P*EI,!+2]='*/-' THEN SOSUB PN 9 1=1*2 § BOTO 8140
8130 A={P$[I,I]="A '}-<P«I,I]="\'} 9 IF A THEN IMOVE 0,AtCS/4 ELSE LABEL P$EI,H 9 IMOVE W,CS
8140 NEXT I
8150 PEN CRT 9 SETUU 9 LDIR 0 9 IF PLOTTER.DUHP THEN RETURN ELSE 7920
8160 PM: IMOVE 0,.13tCS § LABEL '*' 9 IMOVE 0,.62»CS 9 LABEL '-' 9 IMOVE »,i.251CS 9 RETURN ! Label a plus-or-ainus syflboi
8170 !
8180 DATAFILE: CLEAR 9 DISP 'NAME OF DATA-FILE TO BE RETRIEVED?" 9 DISP
8190 DISP '<to pet a disk catalog, enter '&H6L$ <  C '}&' for drive 0, 'iH6L$ (  c ')&' for drive l) u
8200 IF DFILE THEN DISP '(press *;EL$;' to re-use data frot file ';FILE$i'}'
8210 DISP 9 60SUB RETRIEVEJTR 9 IF DFILE AND Ninputs=0 THEN FINISH ELSE FILE$=0$(1)
8220 IF FILE$='C' THEN CAT ':D701' 9 BOTO 8240
8230 IF FlLE$='c' THEN CAT ';D701' ELSE 8260
8240 DISP § DISP 'PRESS '&HBL* C CONT ')&' TO CONTINUE.' 9 PAUSE
8250 BOTO DATAFILE
8260 DIM CLM<8),VCUOO,8J
8270 ON ERROR BOTO WRON6FILE
3280 ASSISNt 1 TO FILE* $ ON ERROR BOTO YORVERT
8290 READI 1,1 ; N$(1},XXOS OFF ERROR
8300 !
8310! tmmmtm RETRIEVE n*45 NUMERIC DATA-FILE ROMS FROM TAPE mmmi
8320 !
8330 CLEAR § DISP 'INPUT COLUMN Is FOR:' 9 DISP § 60SUB COLINPUT DISPLAY § 60SUB RETRIEVE 9 HAT CLH=ZER
8340 NCOLS=Ninputs 9 IF NCOLS=1 OR NCOLSM OR NCOLS=6 OR NCOLS=7 THEN BOSUB BADJNPUT 9 BOTO 8330
8350 IF NCOLS=2 THEN CLH(1)=0(1} 9 CLH<3)=0<2>
8360 IF NCOLS=3 THEN CLmi>=Q<l) § CLH(3)=0(2) § CLH(6)=0(3J



8370 IF NCQLS>3 THEN HAT CLH=0
8380 CLEAR 9 60SUB NAHEBLANK
8390 HAT VC=ZER
8400 ON ERROR 50TO 8470
8410 FOR 1=1 TO 100
8420 READ! 1,1 ; Nt(I),HO* DISP mi)
8430 FOR J=l TO 8
8440 IF CLIKJ) THEN VC(I,J)=XX(CLH(J}}
3450 NEXT J
8460 NEXT I
8470 RKIN=1 * RHAX=I-1 % 60TQ FINISH
8480 !
8490 PLOTBOX SIZE: A,B=0 ! Calculate lints for plot defined by box-size
8500 RATIO =(LIHX2-LIHX1}/<LINY2-LINY1)
3510 IF RATIO.)! THEN Bgu=100 9 A=l 9 60SUB A6U 9 60SUB B6U
8520 IF RATIO_<= 1 THEN Agu=100 9 B=l * 60SUB B6U * 60SUB A6U
3530 ON ERROR 50TO 8580
8540 LIHIT A1,A2,B1,B2
8550 IF iC=0>*(RATIO >1 EXOR RATIO >1) THEN C=l * SOTO PLOTBOX SIZE
8560 OFF ERROR % LIHX1=A1 % LIHX2=A2 9 LIHY1=B1 9 LIHY2=B2 9 RETURN
8570 !
8580 OFF ERROR 9 60SUB CLUNK 9 DISP 9 DISP 'tl« INSUFFICIENT RQOH FOR LABELS KITH SPECIFIED PLOTBOX-LIHITS IW § DISP * DISP 9
60TO PLQTLINITS
3590 !
8600 A6U:
3610 HGy=(LIHY2-LIHYl}/(8gu-YL-YEND} ! iilliaeters/6U in Y-direction
8620 YL_HH=YLtH6y 9 YEND_MH=YEND*H6y
8630 B1=LIHY1-YL_HH 9 B2=LIHY2+YEND_HN
8640 IF A THEN Agu=XL+XEND+100l(LIHX2-LIHXl)/(B2-Bl)
8650 RETURN
8660 '
3670 B6U:
8680 H6x=aiHX2-LIHXl)/(Agu-XL-XEND) ! iilliaeters/SU in X-direction
8690 XL_HH=XLIH8x 9 XEND_«H=XENDtH6x
3700 A1=LIHX1-XL_HH 9 A2=LIHX2+XEND_HH
8710 IF B THEN Bgu=YL+YEND+100i(LIHY2-LIHYl)/(A2-Al)
8720 RETURN
8730 !
8740 YORVERT: ! Convert VISICALC files to 100X5 arrays for plottinq/Yorkfit
8750 !
3760 OFF ERROR
8770 DIM VC$£243,I$[203J$C20],PARAH$<8)[63
8780 DATA 1 6/4%'6/4err', 1I 7/4','7/4err','RHO-Ai ,'8/4','8/4err I , i RHO-B'

8790 RESTORE 8780 § READ PARAH$<1),PARAH$(2),PARAH$<3},PARAH$<4},PARAH$(5),PARAH$(6},PARAH$(7},PARAH$(8}
8800 CLEAR 9 DISP 'INPUT BE6INNIN6, ENDIN6 ROM-NUHBERS CONTAININ6 SAHPLE-DATA";? 60SUB RETRIEVE
8810 IF Ninputsl2 THEN 60SUB BADJNPUT 9 SOTO 8800 ELSE RHIN=OU) 9 RHAX=0(2)
8820 DISP 9 DISP '(press 'lELtt" for listing of coluan naaes)'
8830 DISP 9 DISP "INPUT COLUMNS (e.g. C,D,AK...J FOR:' 9 DISP
8840 COL_LIST=0 § 60SUB COLISPUT.DISPLAY 9 60SUB COLINPUT 9 IF COLJ.IST THEN 8830 ELSE 8970
8850 COLiNPUT.DISPLAY: DISP ' ~6/4, lerr, 7/4, Zerr, Rho(6/4-7/4>", 8/4, 2err, Rho(6/4-8/4)'
8860 DISP * DISP 'or: 6/4, Xerr, 7/4, Xerr, Rho(6/4-7/4)' 9 DISP 9 DISP 'or: 6/4, 7/4, 8/4' 9 DISP 9 DISP "OR: b/4, 7/4' 9 DISP
8870 RETURN
8880 !
8890 COLINPUT: 60SUB RETRIEVE_STR
8900 IF Ninputs=0 THEN 60SUB COLUHN NAHES * COL.LIST=1 9 RETURN
8910 IF Ninputs=l OR NinputsM OR Ninputs=6 OR Ninputs=7 THEN 60SUB BADJNPUT * 60TO COLINPUT ELSE NCOLS=Ninputs
8920 FOR 1=1 TO NCOLS
8930 IF 0$<I)='A" OR Q$(I)=*B' THEN 60SUB BADJNPUT 9 60TO COLINPUT
8940 NEXT I
8950 RETURN
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8960 !
8970 IF NCOLS=2 THEN CL«U)-i * CL«(2)=3
8930 IF NCQLS=3 THEN CL«(U=1 9 CLN<2)=3 * CLH<3)=6
8990 IF NCOLS=5 THEN CLMU)-1 * CLW2)=2 * CLH<3)=3 9 CLH(4)=4 * CLH<5)=5
9000 IF NCOLS=8 THEN CLHU)-1 9 CLM<2)=2 9 CLH(3)=3 9 CLH(4)=4 § CLH<5)=5 9 CLM(6)=6 9 CLH(7)=7 * CL«(8)=8
9010 !
9020 CLEAR 9 MAT VOZER
9030 DISP 9 DISP "CONVERTIN6 VISICALC FILE....' 9 NUHVALS-0 * DISP 9 DISP
9040 60SUB NAHEBLANK 9 C_ROH=CURSRO« § OFF CURSOR 9 ASSI6NI 1 TO FILE$ 9 BOTO 9130
9050 !
9060 VC_STRIN6S: READ! 1 ; VC$3 OFF ERROR % ALPHA CJW»,1 9 A»RIT VC$i"
9070 IF VCin,!!*")' THEN NEXM
9030 A=1+POS (VC*,V) ! String position where data starts
9090 E*NUH (VC*[A,A3) 9 IF E=34 OR E=39 THEN A=A+1 ! 1st data-character
9100 B=NUM <VC«3,33) 9 D=NUM (VC$C2,23) 9 C=3+<8>64 AND B<91)
9110 VCRGH=VAL <VC$(C3) 9 RETURN ! VISICALC rout
9120 !
9130 FOR 1=1 TO 3150 ! Read VISICALC strings froi datafile
9140 ON ERROR BOTO FINISH
9150 60SUB VC.STRIN6S * IF VCROW<RHIN THEN FINISH
9160 IF VCROM>RHAX THEN 60TO NEXT.I ELSE ROWN=VCROtt-RMIN+l ! Saiplei
9170 IF C=3 THEN COLS=D-66
9130 IF C=4 THEN COLN=24+26t(D-65)*B-64
9190 IF CQLN=0 THEN L=LEN (VC$) 9 N$IROHN>C1,93=VC*[A,L-13 9 ALPHA C.RW,L*4 9 AHRIT N$^OHN)!i" " 9 BOTO NEXT.I
9200 IF COLN=-1 THEN NHRO»N)[10,183=VC«A,LEN <VC$)-13 9 60TO NEXT.!
9210 V*=VC$[2,C-13
9220 FOR PARNUH=1 TO NCOLS
9230 F,R=0 9 60SUB EXTRACT 9 IF F THEN 9250
9240 IF R THEN NEXT.I
9250 NEXT PARNUH
9260 GOTO NEXT I
9270 !
9230 EXTRACT: ! Extract nuieric values froi VISICALC string
9290 IF VttOKPARNUHJ THEN F=i 9 RETURN ! If not correct col ami
9300 ON ERROR 60TO 9330
9310 VC(VCROM,CLM(PARNUM)),E=VAL (VC$[A3) 9 OFF ERROR
9320 ALPHA C.RO»,41 9 DISP ROW; 1 ";PARA«(CLH(PARNUH));' =';E
9330 R»l 9 OFF CURSOR 9 OFF ERROR 9 RETURN
9340 !
9350 NEXT.I: NEXT 1
9360 !
9370 FINISH: OFF ERROR 9 MAT S*ZER * BOSUB COLSELECT
9380 CLEAR 9 PRINT 'SETI'jTAB <29)j'206/204';TAB l39)?"Ierr';TAB (49);YI$;TAB (59);'Xerr';TAB (69);'RHO' 9 PRINT
9390 ON ERROR 6QTO 9420
9400 FOR 1=1 TO RHAX-RHIN+1
9410 PRINT IjTAB (5);N$U);TAB (29);S(I,1);TAB (39);FNDriS(I ! 2),3)?TAB (49);SII,3)?TAB (59);FNDrlS(I,4),3);TAB (69);S(I,5)
9420 NEXT I
9430 OFF ERROR § BEEP 9 DFILE-1
9440 IF PR=2 THEN RETURN ELSE DISP 9 DISP 'PRESS '&H6L* <  CONT  )&  TO START PLOT' 9 PAUSE 9 RETURN
9450 !
9460 NAHEBLANK: FOR 1=1 TO 100 9 N$U)=" 9 NEXT I 9 RETURN
9470 !
9480 NRON6FILE: BOSUB CLUNK 9 DISP § DISP Mil FILE ";F!LE$;" NOT REC06NIZED ON SPECIFIED DISC; TRY A6AIN UI* 9 DISP ? WAIT 10
00 9 SOTO DATAFILE
9490 !
9500 COLSELECT: ! Select coluins froi VISICALC array already in leiory
9510 DISP ?DISP 'Hait..' 9 DISP,
9520 FOR 1=0 TO RHAX-RMIN ! Transfer eleients froi coiplete Pb-isotope array to array for plotting (e.g. 6/4-7/4-8/4 to 6/4-7/4)
9530 FOR J«l TO 5
9540 IF YtypeM THEN K=J ELSE K*Jt«J<3)+(J+3)tiJ>2)



9550 SU+l,J)=yC(RMINH,K)
9560 NEXT J
9570 NEXT I
9580 RETURN
9590 !
9600 COLUHN.NAHES:
9610 ! Subroutine to find and list coluen-naaes of V1SICALC files.
9620 ! Assumes that colucn-naces are underlined Mith repeating "=', so that
9630 ! the VC-string is "/--*, and that rows 3 AND 4 contain the coluin-naees.
9640 ! Also assuaes a 9-character coluan-Midth for the VISICALC file.
9650 DIH CN$<61,2H9]
9660 !
9670 ALPHA 1 * CLEAR 9 C_RQH=CURSROH 9 B$='
9680 DISP 'Locating coluan-naie rows. Please wait,.. 1
9690 FOR 1=1 TO 61 * CN$U,1),CN$(I,2)=B$ 9 NEXT I
9700 ASSIBNI 1 TO FILE* % ON ERROR GOTO 9740
9710 FOR 1=1 TO 3150
9720 READI 1 ; VCtt IF POS (VC$,'/-=') THEN 9750
9730 NEXT I
9740 OFF ERROR 9 DISP * DISP H6L* <" NO '/-=' VISICALC-CELLS FOUND - CAN'T FIND NAHES ') * DISP * DISP 9 RETURN
9750 ALPHA C_RQ» * CLEAR
9760 FOR 1=1 TO 3150
9770 ON ERROR SOTO 9860 9 60SUB VC.STRIN6S
9780 ON l*(VCRO»>4}+2t(VCROH<3) 60TO 9790,9840,9860
9790 IF C=3 THEN COLN=D-66
9800 IF C=4 THEN COLN=24+26t<D-65)*B-64
9810 IF COLN<1 THEN NEXT_I
9820 IF VCROH=3 OR VCROIM THEN P=POS (VC$,CHR$ (13)} * CN$*COLN,VCROH-2)=TRIH$ (VC$EA,P-1])
9830 !
9840 NEXT_I: NEXT I
9850 !
9860 OFF ERROR 9 CLEAR 9 PRINT «COLUHN';TAB UO);»COLUHN-NAME' 9 PRINT
9870 FOR 1=1 TO 61
9880 IF K25 THEN I$=CHR$ 11+66)
9890 IF I>24 AND K51 THEN I$='A'iCHR$ (If40}
9900 IF I>50 THEN I$="fl'iCHR$ (1+14)
9910 IF LEN (CN$U,1)}=0 AND LEN (CN$(I,2»=0 THEN 9940
9920 IF CN$(I,1)=B$ AND CN$U,2)=B* THEN 9940
9930 PRINT ' ";I$;TAB UO);CN$U,1);TAB (20);CN*a,2}
9940 NEXT I
9950 PRINT 9 PRINT 9 RETURN
9960 !
9970 DUHP.TO.PLOTTER: DISP 'PRESS *iH6L$ (" ENDLINE ')4" TO BEGIN HARD-PLOTTER DUMP, ENTER ANY NUMBER TO DECLINE' 9 60SUB RETRIEVE
§ IF Ninputs THEN RE.DATA
9980 OFF KYBD * CPEN=1 9 SPEED$='VS' 9 PLOTSIZE=8 § PLOTTER_DUHP=1 § HP=1 9 CRT=0 9 PLR=705 § 60SUB 1960 § CLEAR
9990 FOR JJ=1 TO C CT
10000 K,N=1 § X(K}=CACHE{JJ,1> § Y(K)=CACHE(JJ,3) § Ex(K)=CACHE(JJ,2) 9 Ey(K)=CACHE(JJ,4} § R(K)=CACHE(JJ,5)
10010 SYMBOL=SYHBOL(JJ,1) § 80SUB PLQTT
10020 NEXT JJ
10030 FOR 1=1 TO NLINES
10040 31ope=LlNE(I,l) § Inter=LINE{I,2) 9 80SUB DRAMLINE
10050 NEXT I
10060 !
10070 FOR JJ=1 TO NPHRASES
10080 P$=LETTER$(JJ> § X=LETTERUJ,1) § Y=LETTER(JJ,2) § H=LETTER(JJ,3) 9 SL=LETTER(JJ,4) 9 ROT=LETTER(JJ,5) 9 80SUB LETTER
10090 NEXT JJ
10100 !
10110 PLOTTER_DUMP=0 § 60TO RE_DATA
10120 !
10130 HELP: CLEAR ! Display instructions for special-function keys.



10140 DIM DFl$[23,DF2$tlOJ,DF3$E60],DF4«603,DF5$[603
10150 PRINTER IS 1 9 PRINT TAB (16);H6L$ <  FUNCTIONS OF KEYS DEFINED DURINB LAST DISPLAY: ') 9 PRINT 9 PRINT
10160 RETURN
10170 »
10180 PRINT_HELP: OFF KEYt
10190 FOR 1=1 TO NUHJCEYS
10200 READ DF1$,DF2$,DF3$,0F4$,DF5$
10210 PRINT 'KEY* '&DF1$;TAB (9);'- "iDF2$lt":';TAB (23);DF3$
10220 IF DF4$t" THEN PRINT TAB (23);DF4$
10230 IF DF5H" THEN PRINT TAB (23);DF5$
10240 PRINT
10250 NEXT I
10260 PRINT 9 PRINT 'Use "&H6L$ (" ROLL ')*" key to scroll display, press 'iHBLS (" CONT ')4' to return to previous display.'
10270 PAUSE * RETURN
10280 }
10290 HELP2: BOSUB HELP * RESTORE 10300 9 NUH_KEYS*13 9 BOSUB PRINT.HELP * GOTO RE_DATA
10300 DATA '2 s ,'OPEN Eel1%Choose an open (unfilled) 2-sigta error-ellipse as the,plotting sy»bol.,"
10310 DATA "9",SOLID Eeil,Choose a solid (filled-in) 2-sig»a error-ellipse as the,plotting-sy»bol.,"
10320 DATA "4",POLYGON,Choose an open or solid polygon (either regular or,star-shaped) of arbitrary size fe orientation as the,plotti
ng-syabol.
10330 DATA '7",YDRKFIT,Calculate a York-style best-fit line to the last-,'plotted set of data, starting with set! 1. Also"
10340 DATA 'calculates isochron age, if appropriate.'
10350 DATA '10",PEN l,l!se pent 1 (plotter) or solid-line (CRT).,","
10360 DATA "3",PEN 2,Use pent 2 (plotter only).,",""
10370 DATA '12",ERAS£ PEN,l!se 'erasing pen' to un-draw syibols or letters,(CRT only).,"
10380 DATA "!',LETTER,Draft a phrase anywhere on the plot.,","
10390 DATA Ml",PRINT PLOT,Du«p the CRT plot to an HP-82905B or 2673 printer.,","
10400 DATA '3",TO PLOTTER,Du»p the CRT plot to an HP-7470A plotter.,","
10410 DATA '6',REDRAW,Start another plot fro» scratch.,","
10420 DATA "14',DATAFILE,Bring data fro* either a nuieric or VISICALC data-file,into §e»ory.,"
10430 DATA ","+*OX ...',Use any keyboard-key sy«boi as the plotting-sy»bol.,","
10440 f
10450 HELP1: BOSUB HELP * RESTORE 10470 9 NU«_K£YS=18 * BOSUB PRINT.HELP 9 BOTO BE6IN
10460 !
10470 DATA M',0 STICKS,Use siall circles as the growth-curve ticks and label,the growth-curve ticks horizontally.,"
10480 DATA "8",\ STICKS,'For growth-curve ticks, use segients of the constant-«u',isochrons and label the ticks parallel to the tick
s., § "
10490 DATA '2',CRT-PRINT,'Use the CRT as the printing device, rather than a',hard-copy printer.,"
10500 DATA '3",CRT PLOT,"Use the CRT as the plotting device, rather than a',hard-copy printer.,"
10510 DATA *9",PRINTER,Use a hard-copy printer as the printing device rather,than the CRT.,"
10520 DATA '10",HARDPLOT,Use an HP-7470A plotter as the plotting device rather,than the CRT.,"'
10530 DATA '4",PEN l,"Use pent 1 of the HP-7470A plotter, or the white-line pen',"(CRT) as the plotting-pen.',"
10540 DATA "11",PEN 2,Use pent 2 of the HP-7470A plotter.,"","
10550 DATA "12",PEN SPEED,Specify the speed of the plotter pen (default value is,the fastest speed) (plotter only).,"
10560 DATA "5",DATAFIL£,Load data fro* a nuieric or VISICALC data-file into,ieiory.,"
10570 DATA '6",INORH*,Use 'norial'-size labels and sy»bols.,"","
10530 DATA *13",SLIDE,Use larger-than-nonal labels and syibols: useful for 35n,transparencies or other reduced reproductions.,""
10590 DATA '7',START,Enter axis-nates & axis-Hails for plot and start,'plotting. You don't need to press any other keys for',just
a CRT plot.
10600 DATA "5",STACK,Suppress X-axis label and X-axis tick-labels for aore,convenient vertical stacking of plots sharing the saie,X-
axis.
10610 DATA '7",'207/204",Use 207/204 as the Y-axis of the plot.,","
10620 DATA "14',"208/204",Use 208/204 as the Y-axis of the plot.,",""
10630 DATA N,",Don't draw a lead-isotope growth-curve on the plot.,","
10640 DATA T,",Don't draw ticks or tick-labels to the lead-isotope growth,curve.,"
10650 i
10660 HELP3: BOSUB HELP * RESTORE 10680 * NUH KEY5=3 9 BOSUB PRINT HELP 9 BOTO ADD
10670 !
10680 DATA '5%YORKFIT,Calculate a York-type best-fit line to the last set of,'data, & calculate an isochron age if appropriate.",""



10690 DATA "6*,RETAIN,'Add any subsequent-input points to the previous ones,',so that points with different plot-syibols can be
10700 DATA pooled for a later Yorkfit or Polyfit.
10710 DATA '7',CONTINUE,Return to the input-data part of the program,"1 ,"
10720 !
10730 HELP4: BOSUB HELP 0 60SUB 10740 ? DISP 8 DISP ? 60TO CHOOSE.MODEL
10740 PRINT 'MODEL 1: Use the Model 1 solution for drawing the best-fit line and for any 1 e PRINT TAB (12};'concordia-intercepts.
Model 1 assuies that the';
10750 PRINT ' only cause of scatter* 9 PRINT TAB (12};'is froi the assigned analytical errors. The points are weighted"; 
10760 PRINT TAB (12);"according to those errors only. If the probability of fit is less'jTAB (12);*than 152, the assigned errors ar 
e expanded until they can';
10770 PRINT ' account" 8 PRINT TAB (12);'for the scatter, and a Student's-t eultiplier of the errors is used." ? PRINT 
10780 PRINT "HQDEL 2: Use the Hodel 2 solution for drawing the best-fit line and for any* 
10790 PRINT TAB (12};'concordia-intercept5. Model 2 assuies that nothing is known about* 
10800 PRINT TAB (12);'the reason for the scatter of the points, and so Heights all points" 
10810 PRINT TAB (12){'equally, with zero error-correlations. A Student's-t iultiplier is* * PRINT TAB (12);'al»ays used.* 8 PRINT %
PRINT 
10820 RETURN


